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* NOTICES * 



Japan Patent Office is not, responsible for any 
damages caused by the use of £his translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 * * * * shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

CLAIMS . 



[Claim(s)] 

[Claim 1] Disk-like data medium by which a magnetic film was formed on a field where information is ' 
recorded or reproduced The magnetic head which records or reproduces information to said disk-like 
data medium An arm which it rotates [ arm ] where said magnetic head is supported, and moves said 
magnetic head to a predetermined radius location of said disk-like data medium It is the magnetic disk 
drive equipped with the above. Said disk-like data medium It has a data storage area and a control signal 
record section. In said data storage area While a truck is formed the shape of a concentric circle, and in 
the shape of a spiral, said truck Stamp formation is carried out so that a guard band for a record portion 
for recording data serving as heights, and classifying said adjoining record portion may serve as a 
crevice. In said control signal record section While stamp formation of a mark for tracking for carrying 
out tracking control of said magnetic head, a track number distinguishing mark which specifies said 
truck, and the clock mark which divides 1 round at equal intervals is carried out by irregularity At least 
one of the m is formed along with a rotation locus of said magnetic head, and it is characterized by 
controlling record or playback actuation by said magnetic head corresponding to a signal which 



reproduces said mark for tracking, a track number distinguishing mark, or a clock mark, and is acquired. 

[Claim 2] Disk-like data medium by which a magnetic film was formed on a field where information is 
recorded or reproduced The magnetic head which records or reproduces information to said disk-like 
data medium It is the magnetic disk drive equipped with the above. Said disk-like data medium It has a 
data storage area and a control signal record section. In said data storage area While a truck is formed 
the shape of a concentric circle, and in the shape of a spiral, said truck Stamp formation is carried out so 
that a guard band which a record portion for recording data serves as heights, and classifies said 
adjoining record portion may serve as a crevice. In said control signal record section A mark for tracking 
for carrying out tracking control of said magnetic head at least, A track number distinguishing mark 
which specifies said truck, and a clock mark which divides l round at equal intervals Stamp formation is 
carried out by irregularity. Said magnetic head Said mark for tracking, It is characterized by measuring 
variation corresponding to eccentricity of said disk-like data medium, and controlling record or playback 
actuation of said magnetic head corresponding to the measurement result from a signal which 
reproduces a track number distinguishing mark or a clock mark, and is acquired. 
[Claim 3] The number of groups of said mark for tracking currently recorded on said disk-like data 
medium, a track number distinguishing mark, and a clock mark is a magnetic disk drive according to 
claim l or 2 characterized by being 1000 or less per round. 

[Claim 4] A rate of occupying to l round of said control signal record section of said disk-like data 
medium is a magnetic disk drive according to claim l, 2, or 3 characterized by being 40% or less. 
[Claim 5] Said disk-like data medium is a magnetic disk drive according to claim l to 4 characterized by 
being formed in a substrate of resin or glass. 

[Claim 6] Said magnetic head is a magnetic disk drive according to claim l to 5 characterized by 
separating into a recording head which records data, and the reproducing head to reproduce. 
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[Claim 7] It is the magnetic disk drive according to claim 6 with which said mark for tracking and track 
number distinguishing mark have the 1st mark used at the time of record, and the 2nd mark used at the 
time of playback, and said 2nd mark is characterized by thing of said truck for which it is" mostly 
arranged along a center and said 1 st mark is arranged mostly in a location of said truck where only a 
predetermined distance shifted to radial from a center. . 
[Claim 8] Said mark for tracking and said track number distinguishing mark are a magnetic disk drive 
according to claim 7 characterized by being constituted by two or more marks which have the same 

function. • . . . . • . 

[Claim 9] Variation corresponding to eccentricity of said disk-like data medium is a magnetic disk drive 
according to claim 2 characterized by being location variation measured from said mark for tracking, or 
a track number distinguishing mark, or the time amount variation measured from said clock mark. 
[Claim 10] A magnetic disk drive according to claim 9 characterized by calculating an eccentric 
controlled variable which amends a location gap which originates in eccentricity from said truck of said 
magnetic head from a signal which reproduces said mark for tracking, a track number distinguishing 
mark, or a clock mark, and is acquired. 

[Claim 1 1] A magnetic disk drive according to claim 10 which memorizes said eccentric controlled 
variable calculated and obtained, and is characterized by reading said memorized eccentric controlled 
variable, adding to a tracking control signal, and carrying out tracking control of said magnetic head. 
[Claim 12] A magnetic disk drive according to claim 9 characterized by generating a clock signal 
synchronizing with said clock mark, memorizing time amount variation measured from said clock mark, 
and amending a time-axis of said clock signal corresponding to said memorized time amount variation. 
[Claim 13] A signal which reproduces said track number distinguishing mark and is acquired is a 
magnetic disk drive according to claim 1 to 12 characterized by carrying out a CRC operation at 
coincidence in time amount by which Viterbi decoding is carried out. 

[Claim 14] A magnetic disk drive according to claim 1 to 13 characterized by generating a clock signal 
from a signal-which reproduces said clockmark and is acquired, delaying record data corresponding to 
said clock signal, and recording said delayed record data on said disk-like data medium. 
[Claim 15] A magnetic disk drive according to claim 1 to 14 characterized by judging magnitude of the 
amount of relative location gaps of said magnetic head and truck which were measured from said mark 
for tracking, and controlling record actuation to said disk-like data medium corresponding to the 
judgment result. . . . 

[Claim 1 6] Said disk-like data medium, the magnetic head, and an arm are a magnetic disk drive 
according to claim 1 to 15 which is held in the interior of a sealed case which consists of a top case and 
a bottom case, and is characterized by forming only a spiracle for pressure regulation which adjusts a 
difference of an atmospheric pressure inside said case and an external atmospheric pressure which were 
sealed at the plane section of said top case and a bottom case. 

[Claim 17] Said disk-like data medium is a magnetic disk drive according to claim 1 to 16 with which 
the diameter is characterized by being about 2.5 inches. 

[Claim 18] Said disk-like data medium is a magnetic disk drive according to claim 1 to 16 with which 
the diameter is characterized by being about 1.8 inches. 

[Claim 19] Said disk-like data medium is a magnetic disk drive given in claim claim 1 to which the 
diameter is characterized by being about 1 .3 inches thru/or either of 1 6. 

[Claim 20] Disk-like data medium by which a magnetic film was formed on a field where information is 
recorded or reproduced The magnetic head which records or reproduces information to said disk-like 
data medium It is the manufacture method of a magnetic disk drive equipped with the above, and a data 
storage area and a control signal record section are formed in said disk-like data medium. In said data 
storage area So that a guard band for classifying said record portion which a record portion the shape of 
a concentric circle and for recording data for said truck while forming a truck spirally serves as heights, 
and adjoins may serve as a crevice A mark for tracking for carrying out stamp formation and carrying 
out tracking control of said magnetic head to said control signal record section at least, A track number 
distinguishing mark which specifies said truck, and a clock mark which divides 1 round at equal 
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intervals Stamp formation is carried out with irregularity and it is characterized by assembling said disk- 
like data medium to a case with said magnetic head, after said mark for tracking, a track number 
distinguishing mark, and a clock mark are formed and recorded. 



[Translation done.] 
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* NOTICES * 

t 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer; So the translation may not reflect the original 
precisely. 

2 * * * * shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention is used for the hard disk drive unit in a computer system, and 

relates to a suitable magnetic disk drive and its manufacture method. 

[0002] 

[Description of the Prior Art] In the computer system, a hard disk drive unit is used and it is made as 
[ access / a high speed ] to the program or data recorded there. In this hard disk drive unit, a magnetic 
film is formed in both sides of a magnetic disk, and it is made as [ carry out / by the premature start type 
magnetic head / at that magnetic layer / record playback of the data ]. Since the device section which 
drives the magnetic head, and the mechanical component which drives a magnetic disk are beforehand 
included in the interior of a case, it can record data on high density comparatively. 
[0003] 

[Problem(s)Jo be S olved by the I nvention ] However, the magnetic film was formed over t he wh ole 

surface of the surface, and the magnetic disk in the conventional magnetic disk drive had the technical 
problem which must prepare the guard band between trucks by comparatively large width of face, in 
order to control the cross talk from an adjoining truck. Consequently, a track pitch could not be 
narrowed but it was set to one of the failures of realizing the equipment which has small and big storage 
capacity. 

[0004] If this is included in a case after recording beforehand the clock signal which constitutes an 
encoder on a magnetic disk further again as opposed to a magnetic disk, the installation error at the time 
of assembly (eccentricity) will occur, and it will become difficult to carry out record playback of the 
data in an exact location. Then, after building a magnetic disk into a case conventionally, he was trying 
to record the signal which forms an encoder. Consequently, completing equipment took time amount 
and the technical problem used as the cost high occurred. 

[0005] While this invention is made in view of such a condition and having the storage capacity of high 

density more, the magnetic disk drive and its manufacture method of low cost are realized. 

[0006] 

[Means for Solving the Problem] Disk-like data medium by which a magnetic film was formed on a 
field where, as for a magnetic disk drive according to claim 1, information is recorded or reproduced 
(magnetic disk), The magnetic head which records or reproduces information to disk-like data medium 
(a recording head 20-31, reproducing head 20-30), In a magnetic disk drive which has an arm (20-62) 
which it rotates [ arm ] where the magnetic head is supported, and moves the magnetic head to a 
predetermined radius location of disk-like data medium disk-like data medium It has a data storage area 
(data storage area 20-4 ID) and a control signal record section (the servo data storage area 20-40, ID 
record section 20-41H). In a data storage area While a truck is formed the shape of a concentric circle, 
and in the shape of a spiral, a truck So that a guard band (20-20) for a record portion for recording data 
serving as heights, and classifying an adjoining record portion may serve as a crevice A mark for 
tracking for stamp formation being carried out and carrying out tracking control of the magnetic head to 
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a control signal record section (wobble D.OMAKU 20-12, 20-13), A track number distinguishing mark 
which specifies a truck (Gray code 20-71, a track number 20-41bl, 20-41b2), While stamp formation of 
the clock mark (20-1 1) which divides 1 round at equal intervals is carried out by irregularity, and at least 
one of them It is formed along with a rotation locus (21-21) of the magnetic head, and is characterized 
by controlling record or playback actuation by the magnetic head corresponding to a signal which 
reproduces a mark for tracking, a track number distinguishing mark, or a clock mark, and is acquired. 
[0007] Disk-like data medium by which a magnetic film was formed, on a field where, as for a magnetic 
disk drive according to claim 2, information is recorded or reproduced (magnetic-disk 50-1 A, 50- IB), In 
a magnetic disk drive equipped with the magnetic head (50-3A, 50-3B) which records or reproduces 
information to disk-like data medium disk-like data medium It has a data storage area (20-41D) and a 
control signal record section (the servo data storage area 20-40, ID record. section 20-41H). In a data 
storage area While a truck (20-10) is formed the shape of a concentric circle, and in the shape of a spiral, 
a truck So that a guard band (20-20) which a record portion (20-10) for recording data serves as heights, 
and classifies an adjoining record portion may serve as a crevice, A mark for tracking for. stamp 
formation being carried out and carrying out tracking control of the magnetic head to a control signal 
record section at least (wobble DOMAKU 20-12, 20-13), A track number distinguishing mark which 
specifies a truck (Gray code 20-71, a track number 20r41bl, 20-41b2), And stamp formation of the 
clock mark (20-1 1 ) which divides 1 round at equal intervals is carried out by irregularity. It is 
characterized by measuring variation Corresponding to eccentricity of disk-like data medium, and 
controlling record or playback actuation of the magnetic head corresponding to the measurement result 
from a signal with which the magnetic head reproduces a mark for tracking, a track number 
distinguishing mark, or a clock mark, and is obtained. , . • 

[0008] The number of groups of a mark for tracking currently recorded on this disk-like data medium, a 
track number distinguishing mark, and a clock mark can be made less than into per round (for example, 
1000 pieces). Moreover, a rate of occupying to 1 round of a control signal record section of disk-like 
datamedium can be made into-40% Or- less. Furthermore, this disk-like.data medium can be formed in a 
substrate of resin or glass. 

[0009] The magnetic head is separable into a recording head which records data, and the reproducing 
head to reproduce. 

[0010] the 1 st mark 20-41 b2 by which a mark for tracking and a track number distinguishing mark are 
used at the time of record, and the 2nd mark 20-41M used at the time of playback - constituting - the 
2nd mark - a truck - it can arrange along a center mostly and the 1st mark can be mostly arranged from 
a center in a location of a truck where only a predetermined distance shifted to radial. Moreover, two or 
more marks which have the same function can constitute this mark for tracking, and a track number 
distinguishing mark. 

[001 1] Furthermore, location variation measured from a mark for tracking or a track number 
distinguishing mark or time amount variation measured from a clock mark is detectable as variation 
corresponding to eccentricity of disk-like data medium. 

[0012] Furthermore, an eccentric controlled variable which amends a location gap which originates in 
eccentricity from a truck of the magnetic head from a signal which reproduces a mark for tracking, a 
track number distinguishing mark, or a clock mark, and is acquired can be calculated. Moreover, an 
eccentric controlled variable calculated and obtained is memorized, a memorized eccentric controlled 
variable can be read, it can add to a tracking control signal, and tracking control of the magnetic head 
can be carried out. Or a clock signal is generated synchronizing with a clock mark, time amount 
variation measured from a clock mark is memorized, and a time-axis of a clock signal can be amended 
again corresponding to memorized time amount variation. 

[0013] Furthermore, in time amount which is carrying out Viterbi decoding of the signal which 
reproduces a track number distinguishing mark and is acquired, a CRC operation can be carried out at 
coincidence. 

[0014] Or a clock signal is generated from a signal which reproduces a clock mark by the reproducing 
head and is acquired, and corresponding to a clock signal, only a part corresponding to distance of the 
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reproducing head and a recording head or a part which amends a nonlinear bit shift is delayed in record 

data, and can record delayed record data on disk-like data medium. ■ ( . . 

[0015] Furthermore, a location gap measured from a mark for tracking is judged, and record actuation to 

(iisk-like data medium can be controlled corresponding to the judgment result. 

[0016] Only a spiracle (100-34) can be formed in a case (100-1,100-31) which holds disk-like data 

medium and the magnetic head. 

[0017] This disk-like data medium can make that diameter 2.5 inches, 1.8 inches, or 1.3 inches. 
[0018] A manufacture method of a magnetic disk drive according to claim 20 Disk-like data medium by 
which a magnetic film was formed on a field where information is recorded or reproduced (magnetic 
disk 100-23), In a manufacture method of a magnetic disk drive of having the magnetic head (20-30, 20- 
31) which records or reproduces information to disk-like data medium A data storage area (20-41) and a 
control signal record section (servo data storage area 20-40) are formed in disk-like data medium. In a 
data storage area While forming a truck the shape of a concentric circle,, and in the shape of a spiral, a 
truck So that a guard band (20-20) for a record portion (20-10) for recording data serving as heights, and 
classifying an adjoining record portion may serve as a crevice A mark for tracking for carrying out 
stamp formation and carrying out tracking control of the magnetic head to a control signal record section 
at least (wobble DOMAKU 20-12, 20-13), A track number distinguishing mark which specifies a truck 
(Gray code 20-71), And stamp formation of the clock mark (20-1 1) which divides 1 round at equal 
intervals is carried out with irregularity. It is characterized by assembling disk-like data medium to a 
case (100-1,100-31) with the magnetic head, after a mark for tracking, a track number distinguishing 
mark, and a clock mark are formed and recorded. 
[0019] 

[Function] In the magnetic disk drive according to claim 1, the guard band is formed as a physical 
crevice to the record portion which records the data of a truck. In order for a possibility that data may be 
reproduced from there to decrease and to mitigate a cross talk, it becomes unnecessary therefore, to 
enlarge widthofface of a guard bandrGonsequently^ it becomes possible to- narrow a guard band a n d4o — 
enlarge storage capacity. 

[0020] Furthermore, even if it uses opto-electronics, it becomes possible to arrange these marks in a very 
exact location and it narrows a track pitch in order to carry out stamp formation of the mark for tracking, 
a track number distinguishing mark, or the clock mark with irregularity along with the rotation locus of 
the magnetic head for example, it becomes possible to carry out record playback of the data correctly. 
[0021] Moreover, in a magnetic disk drive according to claim 2, the eccentricity of disk-like data 
medium is measured and record playback actuation is controlled corresponding to this. Therefore, it sets, 
when the mark for tracking, a track number distinguishing mark, or a clock mark builds disk-like data 
medium into a case in the condition of having been formed beforehand, and even if it originates in the 
installation error at the time of inclusion and eccentricity occurs, it becomes possible to make the 
magnetic head access correctly to a truck. 

[0022] After carrying out stamp formation with irregularity, he is trying to assemble the mark for 
tracking, a track number distinguishing mark, and a clock mark to a case in the manufacture method of a 
magnetic disk drive according to claim 20 with the magnetic head. Therefore, processing which records 
an encoder becomes unnecessary after assembly, and equipment can be completed in a short time. 
Consequently, it becomes possible to also reduce cost. 
[0023] 

[Example] Drawing 1 shows the configuration of the whole magnetic disk drive of this invention. The 
motor section 10-1 rotates the magnetic-disk section 10-2 at the rate of predetermined. The recording 
head section 10-3 and the reproducing-head section 10-4 are attached in the arm section 10-5, and it is 
made as [ move / by rotating a predetermined shaft as a center / to the predetermined radius location of 
the magnetic-disk section 10-2 / the recording head section 10-3 and the reproducing-head section 10- 
4 ]. These motor sections 10-1, the magnetic-disk section 10-2, the recording head section 10-3, the 
reproducing-head section 10-4, and the arm section 10-5 are held in the case section 10-10. 
[0024] Various marks are beforehand formed in the magnetic-disk section 10-2, the clock signal 
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generation section 10-6 generates a clock, signal from the signal with which the reproducing-head 
section 10-4 reproduces and outputs the mark, and it outputs to the tracking servo section 10-7 and the 
playback section 10-8. The tracking servo section 10-7 generates a tracking error signal from the signal 
which the reproducing-head section 10-4 outputs \yith reference to the clock signal supplied from the 
clock signal generation section 10-6, and drives the arm section 10-5 corresponding to this. Thereby, 
tracking control of the recording head section 10-3 and the reproducing-head section 10-4 is carried out 
to the predetermined radius location of the magnetic-disk section 10-2. 

[0025] The Records Department 10-9 modulates the record signal supplied from the circuit which is not 
illustrated, and makes it record on the magnetic-disk section 10-2 through the recording head section 10- 
3. From the signal with which the reproducing-head section 10-4 reproduces and outputs the data 
currently recorded on the magnetic-disk section 10-2, the playback section 10-8 carries out recovery 
processing of the record data, and outputs it to the circuit which is not illustrated. 
[0026] The monitor of the tracking error signal is carried out, a big shock etc. joins equipment again, the 
tracking servo section 10-7 controls the Records Department 10-9, when the recording head section 10-3 
secedes from a truck, and it stops record actuation. 

[0027] Although the above is the configuration and actuation of the whole magnetic disk drive of this 
invention, in order to migrate to the many fields of this magnetic disk .drive, for every point, the point of 
this invention divides those contents and is explained. 

[0028] The point about the magnetic-disk section 10-2 is explained to the beginning with reference to 
drawing 2 thru/or drawing 16 . Here, explanation about the rate of the shape of the format of a magnetic 
disk and a plan type, a cross-section configuration, a magnetization method, surface treatment, and a 
servo data area etc. is given. • .. 

[0029] Next, explanation of the point about the recording head section 10-3 and the reproducing-head 
section 10-4 is given with reference to drawing 17 and drawing 18 . Here, the gap and cross-section 
structure of the magnetic head are explained. 

[0030]-The point-aboutthe arm sectidn-10-5 is explained to^the degree with reference Jo_drawing 19 and 
drawing 20 . Here, the structure of an arm is explained. 

[0031] Moreover, next it is the arm section 10-5, with reference to drawing 21 thru/or drawing 33 , 
explanation of the point about the clock signal generation section 10-6 is given. Here, explanation of 
clock signal generation and the method of the eccentric measurement which is needed for time-axis 
amendment of this clock are explained. 

[0032] Next, explanation of the point about the tracking servo section 10-7 is given with reference to 
drawing 34 thru/or drawing 43 . Here, actuation of a tracking servo and the number of servo data storage 
areas required for a tracking servo are explained. Moreover, how to judge an off-track using a tracking 
error signal is explained. 

[0033] Furthermore, with reference to drawing 44 thru/or drawing 50 , explanation of the point about the 
playback section 10-8 and explanation of the point concerning the Records Department 10-9 with 
reference to drawing 51 thru/or drawing 58 are given. Here, playback of data and record are explained. 
[0034] And explanation of the point about the case section 10-10 is given at the last with reference to 
drawing 59 thru/or drawing 64 . Here, the case which holds the magnetic head, a magnetic disk, etc. is 
explained. 

[0035] The configuration shown in this drawing 1 is decomposed if needed, and only a required element 
is extracted suitably and reconfigurated so that explanation for which it was suitable for every point may 
be given in explanation of each [ these ] point. Therefore, the technical element used in explanation of 
each point does not necessarily support 1 to 1 with the partition condition of the element in this drawing 
1 . This is because only a required technical element is recombined organically and he is trying to 
express it, in order to explain each technical point. 

[0036] First, the point of the magnetic-disk section 10-2 of drawing 1 is explained. 
[0037] As for the magnetic disk used for this magnetic disk drive, the 1 round is classified into 60 
sectors, and each sector is constituted by 14 segments. Therefore, it becomes 840 segments 1 round. 
Each segment is classified into a servo data storage area and a data storage area (21-2 and 21-3 of 20-40, 
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20-4.1, or drawing 6 of drawing 2 ). Gray code 20-71, the clock mark 20-1 1 and wobble DOMAKU 20- 
12, and 20-13 are formed in each servo data storage area. Moreover, the unique pattern 20 r 72 is further 
added to the segment of the head of each sector. However, in one sector in 60 sector, it replaces with a 
unique pattern and the home index 20-73 which has a function as a PG is recorded. 
[0038] Drawing 3 shows the example of a configuration of the servo data storage area 20-40 in which 
the unique pattern 20-72 is formed. The clock mark 20-1 1 is arranged at the degree, and wobble 
DOMAKU 20-12 and 20-13 are further arranged for Gray code 20-71 after the at the degree of the 
unique pattern 20-72. 

[0039] Drawing 4 is replaced with the unique pattern 20-72, and the example by which the home index 
20-73 is arranged is shown. Moreover, drawing 5 shows the example in which neither the unique pattern 
20-72 nor the home index 20-73 is formed. 

[0040] Drawing 2 shows the example of a configuration of the servo data storage area 20-40 in which 
the unique pattern 20-72 is formed, and the data storage area 20-41 just behind that. 
[0041] It sets in this example, and the unique pattern 20-72, Gray code 20-71 (the absolute address 0 
which specifies a truck thru/or 2800 (track number) are expressed), the clock mark 20-1 1, wobble 
DOMAKU 20-12 (20-12-1, 20-12-2), and 20-13 (20-13-1, 20-13-2) are formed and recorded on the 
servo data storage area 20-40. ... 
[0042] When setting width of face (width of face of the inside of drawing, and a longitudinal direction) 
of the direction of a truck of the clock mark 20- 1 1 to 1 , width of face of 20 and the unique pattern 20-72 
is set to 1 6 for the width of face of Gray code 20-7 1 . 

[0043] The clock mark 20-1 1 is a mark for generating the clock used as the criteria of record playback, 
and the reproducing head 20-30 outputs a timing signal corresponding to that edge, when this clock 
mark 20-1 1 is reproduced. As shown in drawing 2 , the clock mark 20-1 1 is not only formed in data 
tracks 20-10, but is formed in the field between a truck 20-10 and a truck 20-10 (between trucks). That 
is, the clock mark 20-1 1 follows a radial, and is formed in radial [ of a disk ] (refer to drawing 6 ). 

[0044] Only a predetermined distanee4s estranged also in the direction of a truck, and-wobble . — — 

DOMAKU 20-12-1 and 20-13-1 are formed in it while they are arranged so that it may shift to an inner 
circumference and periphery side on both sides of the center line LI of a truck 20-10. When the 
reproducing head 20-30 reproduces this wobble DOMAKU 20-12-1 and 20-13-1, a location pulse is 
outputted corresponding to that edge location. By applying a tracking servo so that the level of this 
location pulse may become equal, the reproducing head 20-30 can be arranged on the center line LI of a 
truck 20-10. 

[0045] As wobble DOMAKU, further 20-12-2 and 20-13-2 are prepared. About this, it mentions later. 
[0046] This wobble DOMAKU 20-12-1, 20-13-1, 20-12-2, and 20-13-2 are made into the same width of 
face (truck lay length) as the clock mark 20-1 1, and it is referred to as 0.6 micrometers by the most inner 
circumference, and they are set to 1 .2 micrometers by the outermost periphery. 

[0047] The data by which ID record section 20-4 1H are formed in the head of a data storage area 20-41, 
and record playback is originally carried out is made as [ record / on field 20-4 ID following these ID 
record section 20-41 H ]. 

[0048] ID record section 20-4 1H are classified into sector number record section 20-41 A and track 
number record section 20-41B (20-41B1, 20-41 B-2). Among these, like the clock mark 20-1 1 
mentioned above, from the first, also between trucks, a truck 20-10 follows radial and is formed by 
sector number record section 20-41 A at least. Sector number 20-41a which specifies a sector is recorded 
on this sector number record section 20-41 A, and track number 20-4 lb which specifies a truck is 
recorded on track number record section 20-41B. The reproducing head 20-30 outputs a pulse train by 
reproducing these ID record section 20-41 H. 

[0049] Let a total of the 40-bit data which consists of a sector number of 8 bits, and two track numbers 
of 16 bits be data (ID data) recorded on ID record section 20-4 1H. 

[0050] PR (partial response) (0-1,1) modulation is carried out, and these ID data is recorded on ID 
record section 20-41 H. 

[0051] In the case of a CAV disk, the sector number is the same in the truck by the side of inner 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



3/4/2004 



Page 6 of 39 



circumference, and the truck by the side of a periphery. Then, this sector number is continuously 
recorded also on me field between not a truck 20-10 upper-bed loan but trucks. 
[0052] Moreover, track number record section 20-41B is classified into the track number record section 
20-41B1 for playback actuation, and^track number record section 20-41 B-2 for record actuation. 
[0053] The track number record section 20-41B1 for playback actuation is formed so that the center 
(crosswise center) may be located on the center line LI of a truck 20-10, but track number record- 
section 20-41 B-2 for record actuation is formed so that the center line L2 may become the location 
(offset location) which only the center line LI and the distance d of a truck 20-10 left in the direction 
(disk radial) perpendicular to a truck 20-10. And the same track number 20-41bl and 20-41b2 are 
recorded on this track number record section 20-41B1 for playback actuation, and track number record 
section 20-41 B-2 for record actuation. 

[0054] In addition, you may make it record two or more respectively same track, numbers on each field 
20-41B1 and 20-41 B-2. It becomes possible to read a track number thereby more certainly. 
[0055] The offset value d of track number record section 20r41 B-2 for record actuation is made into . 
such a small value that it goes to an inner circumference side, and let it be such a large value that it goes 
to a periphery side. • 

[0056] Moreover, as shown in drawing 2 , the center line LI of a truck 20-10 (sector number record 
section 20-41 A and track number record section 20-41B1 for playback actuation) is received. Form 
wobble DOMAKU 20-12-1 for positioning the reproducing head 20-30, and 20-13-1, and also Wobble 
DOMAKU 20-12-2 for positioning in the case of tracing the center line L2 of track number record 
section 20-41 B-2 for record actuation by the reproducing head 20-30 and 20-13-2 are formed in the 
servo data storage area 20-40. . ' 

[0057] Therefore, the reproducing head 20-30 can be made to scan along with the center line LI of a 
truck 20- 1 0 by carrying out tracking control of the reproducing head 20-30 on the basis of wobble 
DOMAKU 20-12-1 and 20-13-1 at the time of a playback mode. 

[0058] On the other hand r the reproducing head 20-30 can be made to scan along-with-the-center-line L2 
of track number record section 20-4 1 B-2 for record actuation by performing tracking control 
corresponding to the tracking error signal which reproduces wobble DOMAKU 20-12-2 and 20-13-2 by 
the reproducing head 20-30, and is acquired at the time of a recording mode. At this time, a recording 
head 20-3 1 runs along with the center line L 1 of a truck 20-10. 

[0059] In the above example In addition, usual wobble DOMAKU 20-12-1, 20-13-1, offset wobble 
DOMAKU 20-12-2, 20-13-2, sector number record section 20-41 A, Although arranged in order of the 
track number record section 20-41B1 for playback actuation, track number record section 20-41 B-2 for 
record actuation, and field 20-41D For example, usual wobble DOMAKU 20-12-1, 20-13-1, sector 
number record section 20-41 A, The 1st group of the track number record section 20-41B1 for playback 
actuation and field 20-41D is followed. Repeat arrangement of the 2nd group of offset wobble 
DOMAKU 20-1 2-2,' 20-1 3-2, offset track number record section 20-41 B-2 for record actuation, and 
field 20-41D can be carried out. 

[0060] Moreover, the track number-record section 20-41B1, the track number 20-41bl recorded on 20- 
41 B-2, and 20-41b2 are used in a record reversion system, and although Gray code 20-71 carries out 
correspondence to this, it is not used in servo system and both is not the same. However, since it is used 
for the control for checking the truck which records or reproduces all, the servo data storage area 20-40 
and ID record section 20-4 1 H can be recognized to be control signal record sections. 
[0061] Thus, since the field which records a sector number or a track number is formed beforehand and 
the sector number or the track number was recorded there, a sector number or a track number is certainly 
reproducible irrespective of the positioning condition of the reproducing head. 

[0062] In this invention Namely, others [ data / (pattern) /, such as the unique pattern 20-72 of the servo 
data storage area 20-40, the home index 20-73, Gray code 20-71, the clock mark 20-1 1, wobble 
DOMAKU 20-12, and 20-13, / servo ], A truck is formed of it and recorded on sector number 20-41 a of 
ID record section 20-41H, a track number 20-41M, 20-41b2, and a pan by irregularity (stamp). 
[0063] For example, the guard band 20-20 is formed so that only 200nm may become low from data 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



3/4/2004 



Page 7 of 39 



tracks 20-10 (as a crevice). That is, the truck is formed discrete. 

[0064] In addition, the structure which forms each field with a stamp is indicated by Japanese Patent 
Application No. No. 71731 [ four to ] in this way. If the principle is explained briefly, such a magnetic 
disk can apply and manufacture the technology in an optical disk. That is, glass original recording is 
prepared and the surface is coated with a photoresist. And a laser beam is irradiated only at the portion 
which forms the crevice of this photoresist. A photoresist is developed and an exposure portion is 
removed, after irradiating a laser beam. Thus, it carries out based on the formed original recording, La 
Stampa is created, and a lot of replicas are manufactured from this La Stampa. The level difference 
created to original recording is imprinted by this replica. This level difference can complete a magnetic 
disk by forming a magnetic film in the imprinted surface. 

[0065] In drawing 2 , the field which the field which performs and shows hatching in drawing is 
magnetized by N pole corresponding to the logic 1 of ED data, and has not performed hatching is a field 
magnetized by the south pole corresponding to logic 0. 

[0066] A truck rotates the shape of a concentric circle, and this magnetic disk formed spirally by the 
constant angular velocity (zone bit recording). 

[0067] Moreover, a truck is formed in between one half of the locations of a location to the outermost 
periphery of a disk radius (i.e., one half by the side of the periphery of a radius of ranges). 
[0068] The diameter of a disk is made into 2.5 inches, 1.8 inches, or 1.3 inches. 5.2 micrometers and the 
width of recording track are set to 3.6 micrometers, and a guard band is set to 1 .6 micrometers for a 
track pitch. 

[0069] Thus, capacity of 200MB can be realized by both sides of the disk' with a diameter of 2.5 inches 
of one sheet' and capacity of 1 00MB can be realized by both sides of the disk with a diameter of 1 .8 
inches of one sheet, respectively. 

[0070] Drawing 6 indicates the example of a configuration of the device in which the magnetic head 21- 
13 which records or reproduces data to the data area is driven to be the magnetic disk of this invention. 

[0071] In the magnetic disk 21-1 of thisinvention,as explained with reference-to- drawing_2_ ,_each — 

segment is classified into the data storage area 21-3 (20-41 of drawing 2 ), and the servo data storage 
area 21-2 (20-40 of drawing 2 ). And the servo data storage area 21-2 and data storage area 21-3 are 
formed along with the migration locus 21-21 which the magnetic head 21-13 moves. 
[0072] In this equipment, the magnetic head 21-13 is attached at the tip of the arm 21-11 whose rotation 
is enabled through the supporting point 21-12. The supporting point 21-12 is pinched, with the 
installation location of the magnetic head 21-13 of an arm 21-11, the voice coil 21-15 is attached in the 
opposite side, and the magnet 21-14 is arranged at the voice coil 21-15 bottom. Therefore, if 
predetermined drive current is supplied to a voice coil 21-15 by the drive circuit 21-16, electromagnetic 
force acts on the voice coil 21-15 arranged all over the magnetic-flux way which a magnet 21-14 
generates, and it is made as [ rotate / the supporting point 21-12/anarm21-ll/asa center ]. At this 
time, the magnetic head 21-13 will move in a locus 21-21 top. This locus 21-21 serves as a circle which 
passes along the center 21-4 of a magnetic disk 21-1 focusing on the supporting point 21-12. 
[0073] In addition, in this drawing, although it is made the straight arm, a vent arm can also be used. 
[0074] Drawing 7 shows the more detailed example of a configuration of the field of the dedication for 
recording the servo signal in the servo data storage area 21-2. 

[0075] In the example of drawing 7 , it is formed as a pattern of the shape of an abbreviation rectangle 
formed of the curve in alignment with the migration locus 21-21 when the servo mark SM (clock mark, 
wobble DOMAKU, Gray code, unique pattern, and home index) rotates the arm 21-1 1 of the magnetic 
head 21-13, and the curve along the truck of a magnetic disk 21-1. Moreover, all the fields formed with 
a stamp besides the data area of ID record section 20-41H in drawing 2 are formed along with the 
migration locus of the magnetic head 21-13. 

[0076] In addition, since the servo mark SM is greatly exaggerated in drawing and is shown in it to the 
radius of a truck and a locus 21-21, each side of the servo mark SM is expressed with the curve, but in 
fact, since it is very small compared with the radius of a truck or the migration locus 21-21, 
substantially, almost will be surrounded in a straight line by length of one side of this servo mark SM. 
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[0077] Time interval nature -- it can set at the time of seek operation -- does not collapse, therefore the 
lock of the PLL circuit for clock generation (50-30 of drawing 21 ) seems thus; not to separate from 
mem at the time of seek operation, if the servo mark SM formed with a stamp and other marks are 
arranged along with the migration locus 21-21. Moreover, if the magnetic head 21-13 without a vent 
angle (a vent angle is 0 times and the magnetic gap line 21-41 parallel to the magnetic gap of the 
magnetic head 21-13 becomes a truck and a perpendicular) performs record playback, since a magnetic 
gap will become always perpendicular to a truck, an azimuth loss does not occur. 
[0078] Drawing 8 shows the cross-section configuration of the magnetic disk 21-1 of the above 
configurations. Drawing 8 (a) expresses the cross section of a direction perpendicular to a truck, and this 
drawing (b) shows the cross section which met in the direction of a truck. As shown in these drawingsj 
the magnetic film 21-62 is formed in the field where the level difference is formed in the surface, and 
the level difference is formed in the substrate 21-61 which consists of synthetic resin, glass, aluminum, 
etc. And a guard band (GB) is constituted by the portion with a low level difference (crevice), and a 
truck (record portion) is constituted by the high portion (heights). 

[0079] As each truck is shown in drawing 8 (b), the data storage area 21-3 is made still flat. On the other 
hand, in the servo data storage area 21-2, only the portion which records the servo mark SM, the clock 
mark CM, etc. has projected (considering as the same height as the datalogging section), and the non- 
record section which does not record a servo signal is formed lower (as a crevice). As mentioned above, 
the disk which has such irregularity can apply and manufacture optical disk technology. 
[0080] Since the servo data storage area and ID record section were formed along with the migration 
locus in case the magnetic head moves to an inner circumference side direction or a periphery side 
direction according to this magnetic disk, time interval nature - it can set at the time of seek operation ~ ■ 
can be held, and the lock end of the PLL circuit for clock generation can be controlled. Moreover, it 
becomes possible to control an azimuth loss. 

[0081] Next, the magnetization method of the magnetic disk which has irregularity is explained in this 
way-The servo data storage area 21-2 will be established in 1 round at 840 equiangular-distances, and 
pattern (stamp) formation of the heights 22-13 of the rectangle by which length L to which the width of 
face W of a direction perpendicular to a truck met there in about* 5 micrometers and the transit direction 
of a disk as shown in drawing 9 was set to 0.7 thru/or about 2.9 micrometers will be carried out 
corresponding to the signal. 

[0082] To such a magnetic disk 22- 1 , as arrow heads m 1 and m2 show drawing 9 , the sense of 
magnetization is made into the reverse sense in heights 22-13 and a crevice 22-14, and a positioning 
signal is written in (wobble DOMAKU, a clock mark, track number, etc.). 

[0083] Rotation transit is made to carry out in the direction which shows a magnetic disk 22-1 by the 
arrow head a in this example, to the above-mentioned magnetic disk 22-1 (21-1 of drawing 6 ), as first 
shown in drawing 10 (a). Impressing the 1st direct current to the magnetic head 22-2 (magnetic head of 
a manufacturing installation), this magnetic head 22-2 is moved to radial [ on a magnetic disk 22-1 ] by 
the track pitch, and the magnetic layer 22-12 of the heights 22-13 of a magnetic disk 22-1 and a crevice 
22-14 is once altogether magnetized in the same direction; 

[0084] And as shown in drawing 10 (b) after that, the 1st direct current is reversed polarity. While a 
current value impresses the 2nd small direct current to the magnetic head 22-2 compared with the 1 st 
direct current Moved this magnetic head 22-2 by the track pitch like radial [ of a magnetic disk 22-1 ], it 
was made to scan, only the magnetic layer 22-12 of the heights 22-13 of a magnetic disk 22-1 was 
magnetized to the reverse sense, and the positioning signal was written in. 

[0085] As the magnetic head 22-2, the gap length gO of magnetic gap G used the thing of a thing with 
the center tap of 56 turns of 0.4 micrometers, the width of recording track of 100 micrometers, and a coil 
coil (28+28). And this magnetic head 22-2 was surfaced on the magnetic disk 22-1 by making relative 
velocity with a magnetic disk 22-1 into 6 m/s. The flying height d at this time was 0.13 micrometers. 
[0086] Thus, since a positioning signal can be written in by the one magnetic head, exchange of an arm 
head can be omitted and improvement in the productivity of a disk can be aimed at. 
[0087] Drawing 1 1 expresses the more detailed cross-section structure of the magnetic disk magnetized 
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by doing in this way. As shown in this drawing, the level difference (crevice) of 200nm is formed in the 
substrate 23-1 1 which consists of plastics, glass, or aluminum. When this substrate 23-1 1 consists of 
glass, that thickness is set to 0.65mm, and that thickness is set to 1.2mm when it consists' of plastics. A 
magnetic layer 23-12 is formed in both sides of a substrate 23- 1 1 . , 
[0088] As this magnetic layer 23-12, particle layer 23-12A by which 0.5 or more grain density [ 100 or 
less ] per micrometer was preferably made about ten pieces is first formed on the substrate 23-1 1. 
Particle (spherical silica) 23-12a set to this particle layer 23-12A from Si02 is distributed over the 
above-mentioned density. 

[0089] When glass or aluminum constitutes a substrate 23- 1 1 , it is possible to secure rigidity 
comparatively. However, when plastics is used, sufficient rigidity cannot necessarily be secured, and 
also in the field of endurance, it is inferior to glass or aluminum. Furthermore, since the irregularity on 
the surface of a substrate is coarse, it becomes difficult to carry out contiguity arrangement of the 
magnetic head in the range which does not contact a magnetic layer 23-12. Then, concavo-convex 
detailed-ization is attained by forming particle layer 23-1 2 A like this magnetic disk. This is because 
surface irregularity is determined with me density and particle size of particle 23-12a. 
[0090] This particle (spherical silica) 23-12a can be made to adhere on a substrate 23-1 1 by the dipping 
method. 50nm or less of pitch diameters of a particle is preferably set to 8 thru/or lOnm. When the mean 
particle diameter was set to 8nm, particle size distribution was set to 4.3nm with standard deviation. It 
distributed so that it might become isopropyl alcohol with 0.01 % of the weight of concentration, and the 
spherical silica pulled up this, and applied it to the surface of a substrate 23-1 1 by part for 125mm/in 
speed. Coverage is 100%. 

[0091] Since grain density is determined by dipping speed and concentration, it is managing this and 
concavo-convex control is possible for it. Moreover, equipment can be simplified if it is made to adhere 
by the dipping method, dipping ~ being local (for example, an inner circumference side or a periphery 
side etc.) -- it can also carry out. 

[0092] Particle 23- 12a can also be considered as non-subtlety particles other-than.Si02. 

[0093] On particle layer 23-12A, chromium layer 23-12B with a thickness of about 80nm is formed. 
This chromium layer 23-12B functions as a switched connection film, is effective in improving 
magnetic properties, and can heighten especially coercive force. 

[0094] On this chromium layer 23-12B, cobalt platinum layer 23-12C is formed covering the thickness 
of 40nm. furthermore, protective coat 23-1 2D which consists of Si02 [ with a thickness of lOnm ] on 
this cobalt platinum layer 23-12C - a spin coat - or it is applied. On protective coat 23-12D, lubricant 
23-12E is applied further. As this lubricant 23-12E, Z-DOL (trademark) of FOMBLIN can be used, for 

example. . . 

[0095] Next, the rate of a data storage area and a servo data storage area is explained. As shown in 
drawing 12 , each segment is classified into a data storage area and a servo data storage area in this 
invention. Although the data storage area is flat, as the servo data storage area was mentioned above, 
servo patterns, such as a clock mark, wobble DOMAKU, and a Gray code, are recorded as a physical 
(also the sector number and track number of ID record section 20-41H which were correctly shown 
further in drawing 2 ) concavo-convex condition. 

[0096] As typically shown in drawing 13 , therefore, on an arm 23-8 1 (arm 40-53 of drawing 19 ) 
Although the magnetic head is held at the slider 23-83 (slider 40-57 of drawing 19 ) currently supported 
through the load beam 23-82 (suspension spring 40-56 of drawing 19 ) This slider 23-83 is arranged to a 
magnetic disk 23-84 by the airstream generated corresponding to rotation of a magnetic disk 23-84 at a 
predetermined distance. 

[0097] Since the magnetic variation detected by the magnetic head becomes large, a playback output 
also becomes large, so that the distance of the magnetic head therefore a slider 23-83, and a magnetic 
disk 23-84 is near. However, if the distance approaches too much not much, the magnetic head will 
contact a magnetic disk 23-84. Therefore, a slider 23-83 needs to hold a predetermined distance to a 
magnetic disk 23-84. 

[0098] However, as mentioned above, since the surface of a magnetic disk 23-84 (magnetic disk 22-1 of 
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drawing 10 ) is not flat, corresponding to, the irregularity, the distance of a slider 23-83 and a magnetic 
disk 23-84 changes. Supposing it is long enough and a servo data storage area-has length comparable as 
a slider 23-83 to length L of a slider, the segment length S As shown in drawing 14 , a slider 23-83 
While beginning to trespass upon, a servo data storage area (crevice), after the point begins to sink, it 
pitches centering on the supporting point corresponding to this and the back end section loses 
temporarily touch with a stationary surfacing condition (surfacing condition in a flat field), the whole 
sinks soon. Transit is performed in the pars basilaris ossis occipitalis of a crevice, attenuating pitching 
excited at the time of crevice invasion. 

[0099] When breaking away from a crevice, the point of a slider 23-83 is raised, a slider 23-83 pitches to 
the case and hard flow at the time of crevice invasion, and its back end section is temporarily depressed. 
Then, while the whole breaks away from a crevice and attenuates pitching movement, it returns to a 
stationary surfacing condition. 

[0100] The above actuation is a thing in case a slider 23-83 overcomes one crevice. However, in fact, as 
mentioned above, a servo data storage area is generated periodically a segment period. In order to make , 
the jitter of a clock small, it is desirable to shorten the period.of a segment and to increase the number of 
the servo data storage areas per one truck. However, if it is made such, since data storage areas will 
decrease in number, the storage capacity of a disk will become small. .For this reason, the number of . 
servo data storage areas is determined by the trade-off with the storage capacity of a disk, and a jitter 
allowed value. 

[0101] As now shown in drawing 1 5 , the rate to one segment of a' servo data storage area is made into 
23%, and it supposes in the meantime that it is a crevice altogether, and when it assumes that 77% of 
remaining data storage areas are heights, one crevice shov^n in drawing 14 gets over, and a property is 
overlapped on the component of a segment period. Drawing 16 is carried out in this way, and signs that 
the distance of a slider 23-83 and a magnetic disk 23-84 changes a segment period are shown. In 
addition, in drawing 16 , the number of 2700rpm and the segments per rotation is made [ slider length ] 
into -420 pieces forthe rotational frequency of L8mm and a magnetic disk 23-84. This drawing shows 
that the distance of a slider 23-83 and a magnetic disk 23-84 changes a lot a segment period. 
[0102] 
[A table 1] 



KM 



10:90 



laOnm 



23: : 77 



2a0nm 



30:70 



32.0nm 



[0103] A table 1 shows the value which calculated the amount of surfacing fluctuation at the time of 
servo data storage area riding **** of a slider 23-83 by the simulation by making the ratio of the data 
storage area per segment, and a servo data storage area into a parameter, the conditions in this 
simulation - s, 420 per one truck and the flying height set [ whenever / 45Hz and angle-of-skew ] to 
0.1 1 micrometers, and 12.8m /and a disk rotational frequency **** [ the number of segments / 
peripheral velocity ] at 0 times. Moreover, the depth of the crevice in a servo data storage area is set to 
0.1 micrometers. 

[0104] It turns out that the amount of fluctuation carries out sequential increase with 13.0nm, 28.0nm, or 
32.0nm as are shown in this table 1 and the ratio to the data storage area of a servo data storage area 
increases ten pairs with 90 or 23 to 77 or 30 to 70. That is, it turns out that there are so few amounts of 
fluctuation of a magnetic disk and a slider 23-83 that there are few rates that a servo data storage area 
occupies. If the rate of a servo data storage area is made to increase, the record playback which the 
amount of fluctuation of a slider increased, fluctuation did not decline enough in the flat part when the 
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worst, but storage capacity not only becomes small, but was stabilized will become difficult. Then, it is 
desirable to make into 40% or less the rate of occupying to per one truck of a servo data storage area 
(field in which the crevice is formed). 

[0105] Next, the point of the recording head section 10-3 of drawing 1 and the reproducing-head section 
10-4 is explained. 

[0106] In drawing 17 , the ABS (Air Bearing Surface) side 30-7 used as opposite ** with a magnetic 
disk or an opposed face is faced, and the laminating of the 1st and 2nd magnetic layers 30-3 which 
constitute the C dollar of the reproducing head, and 30-4 is carried out to the very thing (slider 23-83 of 
drawing 13 ) or the bases 30-6 which are attached in this, such as a surfacing mold slider, the MR 
element 30-1 which consists of MR (magnetic resistance effect) thin film so that it may be inserted into 
these magnetic layer 30-3 and 30-4, and bias ~ a conductor 30-18 is arranged through the nonmagnetic 
insulating layer 30-8, and MR mold reproducing head is constituted, this bias' - a conductor 30-18 gives 
the magnetization condition of the necessary sense to the MR element 3.0-1 , and it is arranged so that it 
may operate in the property field which shows the linearity excellent in that magnetic-reluctance 
property, and high sensitivity, and this MR element 30- 1 may be crossed. 
[0107] And the laminating of the 3rd magnetic layer 30-5 is carried out to the side in which it is 
prepared, the 2nd outside 30-1, i.e., MR element, of a magnetic layer 30-4, through the nonmagnetic 
insulating layer 30-8 in the opposite side. Between these 2nd and 3rd magnetic layers 30-4 and 30-5, the 
curled form pattern head coil (30-2 of drawing 18 ) is formed so that the portion each other magnetically 
combined between each back section estranged from this ABS side 30-7 may be revolved. Distance of 
the inferior surface of tongue of the 3rd magnetic layer 30-5 and the center of the MR element 30-1 is 
set to 3.5 micrometers. 

[0108] Thus, while the 1st and 2nd magnetic layers 30-3 and MR mold magnetic head (reproducing 
head) of the so-called shield mold configuration by which the MR element 30-1 has been arranged 
among 30-4 are constituted, the 2nd and 3rd magnetic layers 30-4 and the Ind (induction) mold magnetic 

head (recording head) to-which the-magnetie-path-which consists of-30-5 was-lo oped aroun d the he a d 

coil are constituted. ; 
[0109] At this time, the width of recording track of MR mold reproducing head is regulated by the width 
of face WTM which faces the ABS side 30-7 of the MR element 30-1, and the width of recording track 
of an Ind mold recording head is regulated by the width of face WTI which faces the ABS side 30-7 of 
the 3rd magnetic layer 30-5. the width of face WTM of the MR element 30-1 - comparatively « size ~ 
5.2 micrometers (width of face equal to a track pitch) - carrying out ~ the width of face WTI of the 3rd 
magnetic layer 30-5 - comparatively ~ smallness — for example, it constitutes as 4.0 micrometers 
(width of face narrower than a track pitch). 

[0110] Without causing the increment in a playback noise, when record playback was performed to the 
magnetic disk of the discrete mold which was made into track pitch 5.2micrometer, the width of 
recording track of 3.6 micrometers, and guard band width of face of 1 .6 micrometers, namely, was set to 
track density 4885TPI (Track Per Inch) using the MR/Ind compound-die thin film head by such 
configuration, fluctuation of a playback output could be avoided and improvement in reproducing 
characteristics was able to be aimed at. 

[0111] Next, the cross-section configuration of the magnetic head is explained with reference to drawing 
18 . On the base 30-6, the ABS side 30-7 is faced and the laminating of the 1st and 2nd magnetic layers 
30-3 which accomplish the shield of the MR element 30-1 on both sides of the MR element 30-1, and 
30-4 is carried out. Besides, the nonmagnetic insulating layer 30-8 and the 3rd nonmagnetic magnetic 
layer 30-5 which constitute the magnetic gap at the time of record face the ABS side 30-7 similarly, and 
a laminating is carried out. Moreover, 30-2 shows the head coil formed in the curled form pattern so that 
the 2nd and 3rd magnetic layers 30-4 and 30-5, for example, the mutual magnetic bond part of each back 
section, may be revolved, and a recording head is constituted by these 2nd and 3rd magnetic layers 30-4 
and 30-5. 

[0112] The tip electrode 30-15 is formed in the ABS side 30-7 at the side which opposite-**, the back 
end electrode 30-16 is formed in the other end, and the MR element 1 is made as [ detect / to the ABS 
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side 30-7 / opposite ** or the signal magnetic field from a magnetic disk which counters ]. bias for 30- 
18 to give a bias magnetic field to the MR element 30-1 - it is a conductor. The 2nd magnetic layer 30-4 • 
functions as a core for induction as a C dollar of the MR element 30-1 at the time of record at the time of 

miniDistance (record gap) of the upper surface of the 2nd magnetic layer 30-4 and the inferior surface 
of tongue of the 3rd magnetic layer 30-5 is set to 0.6 micrometers, and distance of the center of the MR 
element 30-1 and the upper surface of the 1st magnetic layer 30-3 is set to 0.2 micrometers. 
[0114] According to this compound-die thin film head, in order to make the width of recording track of 
the reproducing head into size, increase-ization of a playback output can be attained. 
TO 1 1 51 Furthermore, since tolerance to a location gap of the truck of the reproducing head and a 
magnetic disk can be made into size while being able to control generating of playback fringing when 
performing record playback to the magnetic disk of a discrete mold using such a compound-die thin film 
head, fluctuation of a playback output can be controlled and improvement in playback output 
characteristics can be aimed at. • A+u~e' 

[01 16] In addition, width of face WTI and WTM may be made into the integral multiple of the width of 
recording track. Moreover, a recording head and the reproducing head can also be made to serve a 

double purpose. • I * , ' a- u a a 

[0117] Drawing 19 shows the structure of an arm where the magnetic head (a recording head and , 
reproducing head) explained with reference to drawing 5 , drawing , 6 , drawing 17 , drawing 18 etc^ is 
attached As shown in this drawing, the bottom housing 40-51 is equipped with the magnetic disk 40-52 
free [ rotation ] through the spindle motor (100-21 of drawing 59 )■ Moreover, the arm 40-53 is attached 
in the bottom [ this ] housing 40-51 free [ rotation ] centerings the shaft 40-54. As shown to drawing 
20 in a cross section, the ball bearing 40-55 is formed between the shaft 40-54 and the arm 40-53. 
Thereby it is made as [ become / friction at the time of rotation of an arm 40-53 / small ]. 
[0118] The suspension spring 40-56 is attached at the tip of an arm 40-53, and the slider 40-57 is further 
attached through the gimbal spring of this suspension spring 40-56-which is not illustrated at a tip..The^ 
magnetic head (a recording head and reproducing head) mentioned above is attached in this slider 40-57_ 
Since two magnetic disks 40-52 are formed and the magnetic film is prepared in the both sides, a total of 
four sliders are formed so that both sides of each disk may be countered. 

[01 191 The voice coil 40-63 (21-15 of drawing 6 ) is attached in the other end of an arm 40-53. In the 
lower part of this coil 40-63, and the upper part, a magnet 40-61 and 40-62 (21-14 of drawing 6 ) are 
arranged and it is made as [ face / locally / again / from a magnet 40-62 / to that reverse / from a magnet 
40-61 / at a magnet 40-62 / to a magnet 40-61 / magnetic flux ]. And the coil 40-63 is arranged so that 
this magnetic flux may be crossed. Consequently, if drive current is passed in a coil 40-63, 
electromagnetic force will occur, and a coil 40-63, therefore the arm 40-53 in which this is attached 
rotate a shaft 40-54 as a center. Consequently, a slider 40-57 will move to the predetermined radius 
location of a magnetic disk (therefore, the magnetic head attached there) 40-52. 
[0120] Next, the point about the clock signal generation section 1 0-6 of drawing 1 is explained. 
[0121] Drawing 21 is drawing showing the configuration of one example at the time of applying this 
invention to a magnetic hard disk drive unit. The rotation drive of double-sided magnetic-disk 50-1 A 
and the 50-1B (40-52 of drawing 19 ) is carried out by the spindle motor 50-2. Magnetic-head 50-3A 
and 50-3B are supported by arm 50-4A and 50-4B, with a voice coil motor (VCM) 50-5, rotation center 
50-5C is rotated by them as the supporting point, follow the truck 50-502 of the upper surface of double- 
sided magnetic-disk 50-1 A and 50-1B, and perform writing and read-out of data to these trucks, 

[Ol^The'truck 50-502 of two sheets, magnetic-disk 50-1A and 50-1B, constitutes a cylinder 50-100. 
Although not illustrated, the two magnetic heads which perform writing and read-out of data to the 
inferior surface of tongue of double-sided disk 50-1 A and 50-1B are prepared, like magnetic-head 50- 
3A and 50-3B, it is supported by arm 50-4A and 50-4B, and rotation center 50-5C is rotated by VCM 
50-5 as the supporting point. As explained with reference to drawing 2 , into the data tracks of the 
surface of magnetic-disk 50-1 A and 50-1B, stamp formation of two or more clock marks 20-1 1 which 
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give a time-of-day standard is beforehand carried out at the time of disk manufacture. In addition, a 
reference number 50-6 shows the center of rotation of the center of rotation of a spindle motor 50-2, i.e., 
magnetic-disk 50-1 A, and 50-1B. 

[0123] A host computer 50-50 supplies commands, such as a write command and a read-out command, 
to a controller 50-70 through an interface cable 50-60. A controller 50-70 outputs the control signal for 
controlling a magnetic hard disk drive unit to a digital disposal circuit 50-20. 

[0124] The regenerative signal read from disk 50-1A and 50-1B by magnetic-head 50-3A and 50-3B is 
amplified by predetermined amplitude by the playback amplifying circuit 50-21. The output of the 
playback amplifying circuit 50-21 is supplied to the clock extract circuit 50-22, the truck position error 
detector 50-23, the home index extract circuit 50-24, and the track-address decoder 50-80. 
[0125] The playback clock signal (clock mark 20-1 1) extracted in the clock extract circuit 50-22 is 
supplied to the truck eccentricity test section 50-25. Moreover, it is supplied to the truck eccentricity test 
section 50-25, the home index signal 20-73 ( drawing 4 ), i.e., the rotation phase zero signal, extracted 
by the home index extract circuit 50-24. The truck position error detector 50-23 generates a truck 
position error signal (tracking error signal) from the difference of one pair of wobble DOMAKU 20-12, 
and the regeneration level of 20-13, and supplies it to the tracking servo circuit 50-40 and the off-track 
judging circuit 50-90. 

[0126] The eccentricity to the center-of-rotation shaft 50-6 of the data-tracks circle 50-502 is measured 
as a function of the angle location theta on the disk which makes the home index generating location of 
a disk zero angle coordinate value, and the truck eccentricity test section 50-25 makes the eccentricity 
storage section 50-26 memorize it in table format by the method of mentioning later. This eccentricity is 
supplied to the PLL circuit 50-30, is used for amendment of the time-base error of a clock signal, and 
also is supplied to the tracking servo circuit 50-40, and is used for control of VCM 50-5. 
[0127] One [ namely, ] of the features of the example of this invention of drawing 21 Synchronizing 
with rotation of a disk, reading appearance of the eccentricity memorized by the storage section 50-26 is 
carried out by the read-out circuit-50-27^After-being changed into the analog sig n a l by D/A c o nvert e r — 
50-28 and making compensation processing, i.e., the conversion to a speed signal, by the feedforward 
compensator 50-29, It is in the point which acts as feedforward as control voltage of the voltage 
controlled oscillator (VCO) 50-35 of the PLL circuit 50-30. 

[0128] The loop filter 50-32 with which the PLL circuit 50-30 carries out predetermined filtering, such 
as low pass filtering, to the output of a phase comparator 50-31 and this phase comparator 50-31, The 
clock signal with which the phase comparator 50-3 1 was extracted by the clock extract circuit 50-22 
including the phase according to the output of this filter 50-32, and the voltage controlled oscillator 50- 
35 which outputs the clock signal of frequency, It is outputted from a voltage controlled oscillator 50- 
and phase contrast with the clock signal fed back through one counting-down circuit 50-36 for N is 
outputted. 

[0129] The feature of the example of this invention of drawing 21 forms an analog adder (operational 
amplifier) 50-33 between a loop filter 50-32 and VCO 50-35, adds the signal supplied through a switch 
50-34 from the feedforward compensator 50-29 to the signal outputted from a loop filter 50-32, and is 
that it supplies to VCO 50-35. In addition, a loop filter 50-32 and an adder 50-33 may be digital 
arithmetic elements. 

[0130] Since it has such composition, VCO 50-35 is driven also with the truck circle eccentricity display 
voltage which comes not only via the output from a phase comparator 50-31 but via the read-out circuit 
50-27 from the eccentricity storage section 50-26, D/A converter 50-28, the feedforward compensator 
50-29, and a switch 50-34. Therefore, VCO 50-35 also performs open loop actuation with the prediction 
signal'of the current momentary eccentricity from the storage section 50-26 while following the pulse 
signal which is generated from a disk and which synchronized with the clock mark of 840 piece / 1 
rotation, for example in the so-called closed loop actuation. 

[0131] namely, the clock from the disk looked at which and observed in actuation of a disk with such 
eccentricity from the reproducing head fixed in the direction (hand of cut of a disk) of theta ~ the 
direction of a time-axis - the fluctuation of roughness and fineness (jitter) - **** ~ it is. The clock 
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signal outputted from the clock extract circuit 50-22 by most components which are equivalent to a 
rotational frequency (60Hz) among the components of this fluctuation when "excitation" of VCO 50-35 
is intentionally carried out by the above-mentioned open loop actuation, and the clock signal outputted 
from VCO 50-35 are made to approach to the neighborhood in phase for about **20ns (nanosecond). 
[0132] By phase approach by this open loop actuation, the above-mentioned closed loop actuation 
should just carry out actuation which mainly negates a high frequency component with the small 
amplitude (several times thru/or dozens times of a rotational frequency) among fluctuation components. 
Therefore, finally the output signal of VCO 50-35 can be held from the clock extract circuit 50-22 to the 
clock signal outputted to the very near oscillation phase for **1 or less ns. 

[0133] As explained with reference to drawing 2 , since a data-tracks circle is manufactured by Kattan 
GUMASHIN with the delivery precision of about 0.01 microns like an optical disk manufacturing 
installation, the error of roundness serves as a value sufficiently smaller than 1 micron. However, if such 
a disk is attached in the axis of rotation (shaft 40-54 of drawing 19 '), a disk center, i.e., the center of a 
data-tracks circle, will produce i0 thru/or an about 50-micrometpr installation error to the axis of 
rotation. 

[01 34] Although later mentioned with reference to drawing 25 thru/or drawing 23 about the details of 
the method of measuring this gap (eccentricity), with reference to drawing 22 , it explains briefly here. . 
[0135] In drawing 22 , a reference number 50-500 shows the center of a truck 50-502, and a reference 
number 50-501 shows the center of rotation of a disk. The reproducing head 50-3 is positioned in the 
tracking servo circuit 50-40 so that it may be supported by the arm' 50-4 and the center top of a truck 50- 
502 may be traced. 

[0136] Now, about the radius of a truck 50-502, when rO (m) and eccentricity are set to delta (m) and a 
rotational frequency is set to N.(Hz), the average peripheral speed V0 of a truck 50-502 is as follows. 
[0137] V0=2pir0xN (m/sec) 

[0138] It is M (an individual/1 rotation) about the pulse number by the clock mark (the drawing 
Nakamaru-mark-shows)-included on the circular-truck-50=502-of-a radius rO. When_it_cames_out,ihe 
distance L0 between pulses is as follows. 

[0139] L0=2pir0/M[0140] The time amount TO taken for this th£ reproducing head 50-3 to pass is as 
follows. 

[0141] T0=L0A^0=(2pir0/M)/(2pir0xN) =l/(NxM) 

[0142] For example, N= 60.0Hz, if it becomes M=840, it will be T0=1 9.841 (microsecondec). 
It comes out. 

[0143] On the other hand, the pulse period T2 of the portion which the radius increased to r2=r0+delta 
with eccentricity, and the pulse period Tl of the portion which decreased to rl=rO-delta are as follows. 
[0144] T2=2pirO/M/(2pir2xN) =r0/r2x (NxM) ■ 
Tl=2pirO/M/(2pirlxN) =r0/rlx (NxM) 

[0145] It follows, for example, T2 is set to TOxl.0025 at the time of r0=20mm and r2=20.05mm, and it 
changes 0.25%. Although this is minute, since it is the amount of a time domain, it can measure with a 
comparatively sufficient precision. .. 

[0146] That is, in this example, to T0=19.841 (microsecond), since it is T2=19.891 and Tl=19.792 
(microsecond), the average, and the maximum and the minimum value of T have a difference for about 
50ns (nano second) respectively. Since this is measurable in precision sufficient with current electronic- 
circuitry technology, measurement of eccentricity results in measurement of a time interval. 
[0147] Thus, creation of an eccentric table is completed by storing the progress delay of the signal 
corresponding to the eccentricity which carried out rear-spring-supporter observation in one rotation as a 
digital numeric value at the storage section 50-26. 

[0148] Thus, feedforward control of VCO 50-35 by this invention which used the eccentric table 
memorized by the storage section 50-26 is performed as follows. First, synchronizing with the rotation 
phase of a disk, the contents of the storage section 50-26 are changed into read-out and a D/A converter 
from 50-28 by the read-out circuit 50-27 at analog voltage, and after at least ** carries out phase 
compensation by the feedforward compensator 50-29 which consists of a coil L, a capacitor C, and 
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resistance R (not shown) further, it is impressed by VCO 50-35 through a switch 50-34 and an analog 
adder 50-33. When not impressing a feedforward compensatory signal, the oscillation phase of VCO 50- 
35 changes a lot, as the continuous line of drawing 23 shows, but if it impresses, it will approach about 0 
degree of rear spring supporters throughout 1 rotation like the dashed line of drawing 23 
[0149] Drawing 24 shows the 2nd example of the clock signal amendment circuit of this invention. In 
the example of drawing 21 , although displacement (eccentricity) of a truck own [ to rotation each 
location of a disk ] was used as contents of storing of the storage section 50-26, after own displacement 
of a truck is temporarily stored in the temporary storage section 50-251, an operation equivalent to the 
feedforward compensator 50-29 of drawing 21 is beforehand performed by operation part 50-252, and it 
is stored in storage section 50-26 A in the example of drawing 24 . Therefore, the amount memorized by 
storage section 50-26A serves as speed corresponding to eccentricity. 

[0150] If it does in this way, there is an advantage which can omit the feedforward compensator 50-29 
of drawing 21 . That is, although it is necessary to constitute from a high-speed element for real-time 
operation, the compensator 50-29, i.e., the filter* of drawing 21 , since what is necessary is just to 
perform about once on the 1st, eccentric measurement has the advantage which can constitute operation 
part 50-252 grade from a cheap general-purpose processor, if an operation equivalent to the compensator 
50-29 of the example of drawing 21 like the example of drawing 24 will be performed beforehand. 
Furthermore, there is an advantage which can also realize difficult actuation in analog processing. 
[0151] In the example of drawing 24 , contents selection section of storage 50-27A takes out 
alternatively the amount (namely, speed) corresponding to the eccentricity of two or more disk sides 
stored in storage section 50-26A based on the command from a controller"50-70. 
[01 52] In the example of drawing 24 , since it is the above configurations, after the eccentric 
measurement result obtained like the example of drawing 21 is adjusted to a necessary amplitude phase 
characteristic by operation part 50-252, it is stored in storage section 50-26A. This eccentric 
measurement actuation is repeat ****** independently about each field of two or more disks to the 
suitable stage for example, after an electeic power-switch mjection.,Since_there_is_the_ 4t h page , a d isk.is_ 
performed a total of 4 times using the arm head prepared corresponding to each side. Therefore, four 
kinds of eccentricity is accumulated in storage section 50-26A. 

[0153] Here, a controller 50-70 explains the actuation at the time of choosing for example, disk 50-1B 
(referring to' drawing 21 ). At this time, selection section 50-27A outputs from from the eccentric data 
detected by head 50-3B among the information memorized by storage section 50-26A synchronizing 
with rotation of disk 50-1B. It is equivalent to that by which the memory address was equivalent to the 
angle position coordinate on a disk, and the outputted eccentric data gave phase compensation to 
eccentricity [ in / in storing data / this coordinate ]. 

[0154] Therefore, if it is impressed by VCO 50-35 through an adder 50-33 after changing this into 
analog voltage by D/A converter 50-28, VCO 50-35 negates correctly progress ****** of the clock 
resulting from the eccentricity of a disk, and the output of VCO 50-35 can generate the pulse of the 
phase very near the clock reproduced from a disk. 

[0155] The result of an operation to the eccentricity of operation part 50-252 is memorized to storage 
section 50-26A, and although he is trying to read the result of an operation corresponding to the disk 
side which should be processed, the eccentricity itself is memorized and you may make it read the 
eccentricity corresponding to the disk side which should be processed in the example of drawing 24 . 
[0156] It can **, if according to the example of this invention mentioned above it becomes possible to 
reproduce the clock signal which synchronized with the clock mark stamped on the disk very correctly, 
and this clock is used for detection of a truck position error signal, or the recovery of a data sign, and a 
very good result is obtained. Moreover, the gain of an eccentric frequency region can be raised, without 
extending the band of a KURROKU playback loop. 
[0157] Next, how to measure eccentricity is explained. 

[0158] Drawing 25 shows relation with the locus of the reproducing head, i.e., a signal read-out arm 
head, fixed to the condition of being located in a fixed radius from the center of rotation of the magnetic 
disk with which the clock mark signal (20-1 1 of drawing 2 ) of N individual was physically recorded at 
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equal intervals for 1 round of circular data tracks, and the disk by which chucking was carried out. In 
drawing 25 , a reference number 51-500 shows the center of circular data tracks, data-tracks 51-D3 
thru/or 51-D7 are formed in the shape of a concentric circle to this center 51-500, and clock mark signal 
51 -CM (20-1 1 of drawing 2 ) of N individual is physically recorded at equal intervals for 1 round of 
each data tracks. 

[0159] When chucking of the magnetic disk which has the above circular data tracks is carried out to the 
spindle motor axis of rotation 51-501, eccentricity 51-511 arises. A reference number 51-503 shows the 
circle locus of the reproducing head, i.e., a signal read-out arm head, fixed to the condition of being 
located in the fixed radius 51-510 from the center of rotation 51-501 of the disk by which chucking was 
carried out. When the circle locus 51-503 approaches most the center 51-500 of circular data tracks, The 
time afriount to which an arm head passes the distance 51-513 between clock mark signal 51-CMs on the 
circular data tracks along which the circle locus 51-503 passes becomes the shortest. When the circle 
locus 51-503 separates from the circular data-tracks center 51-501 most, the time amount to which an 
arm head passes the distance 5 1 -5 14 during the clock mark on the circular data tracks along which the , 
circle locus 51-503 passes becomes the longest. This is because the disk radius of gyration 51-510 is the 
same and the head transit rate is the same. 

[0160] Therefore, the eccentricity corresponding to a disk angle locatioh resulting from eccentricity 51- 
51 1 can be obtained by the clock mark regenerative signal reproduced, the reproducing head, i.e., the 
signal read-out arm head, fixed to the condition of being located in the fixed radius 51-510 from the 
center of rotation 51-501 of the disk by which chucking was Carried out, carrying out time interval 
measurement, and using this. 

[0161] Drawing 26 shows the example of a concrete configuration of the time interval measurement 
section 51-70 which constitutes the eccentricity test section 50 : 25 in drawing 21 , and the eccentricity 
operation part 51-25. The eccentricity Records Department 51-26 is equivalent to the eccentricity 
Records Department 5.0-26 of drawing 21 . The time interval measurement section 51-70 consists of 
-^ftmples-of- drawing 26 including a flip-flop 5 1-71 , a counter-5-U72,an inverter-51 -7 3, a c o untet.51-74, 
an oscillator 51-75, and a switch 51-76. The eccentricity operation part 51-25 is constituted including 
CPU 51-251, memory 51-252, latch 51-253, 51-254, and a computing element 51-255. The eccentricity 
storage section 51-260 is constituted including memory 51-260. In addition, CPU 51-251 also has the 
memory access function to memory 51-252. 

[0162] A flip-flop 51-71 outputs pulse signal 51-TD which cuts and changes to High and Low on TTL 
level, whenever clock mark regenerative-signal 51-CMS reproduced from a disk comes. It is reversed 
with an inverter 51-73, and this pulse signal 51-TD is supplied to a counter 51-74 while it is supplied to 
a counter 51-72 as it is. 

[0163] Pulse signal 51-TD measures the time interval between High(s) using an oscillator 51-75, and a 
counter 51-72 outputs time interval measurement value 51-CTA. On the other hand, a counter 51-74 
measures the time interval of High of the pulse signal outputted from an inverter 5 1-73, i.e., the time 
interval of Low of pulse signal 51-TD, using an oscillator 51-75, and outputs time interval measurement 
value51-CTB. 

[0164] SUITCHI 51-76 is outputted as counted value 51-250 by turns according to control signal 51- 
CNT to which CPU 51-251 outputs time interval measurement value 51 -CTB outputted from time 
interval measurement value 51-CTA outputted from a counter 51-72, and a counter 51-74 based on 
home index signal 51 -HIS (20-73 of drawing 4 ). Memory 51-252 carries out sequential storage 
according to control signal 51-CS2 and address 51-AS2 to which CPU 51-251 outputs the time interval 
measurement value (1 rotation one half) 51-250 of the individual supplied from a switch 51-76 (N+N/2) 
based on home index signal 5 1 -HIS. 

[0165] According to control signal 51-CS2 and address signal 51-AS2 which are outputted from CPU 
51-251, reading appearance of the time interval measurement value memorized by memory 51-252 is 
carried out. The p-th time interval measurement value by which reading appearance was carried out is 
held at latch 51-253 according to latch signal 51-LHA outputted from CPU 51-251. The time interval 
measurement value (sampling position which the disk rotated 1/2 from the p-th sampling position) of 
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eye ** (p+N/2) watch reading appearance was carried out is held at latch 51-254 according to latch 
signal 5 1 -LHB outputted from CPU 5 1-251. ■ t . 

[0166] A subtracter 51-255 subtracts the time interval measurement value of eye ** (p+N/2) watch from 
the p-th time interval measurement value. A subtracter 51-255 performs this subtraction about each of 
p= 1 thru/or N. According to control signal 51-CS1 and address signal 51-AS1 which CPU 51-251 
outputs based on home index signal 51 -HIS, the sequential storage of the subtraction result of N 
individual obtained from a subtracter 51-255 is carried out at memory 5 1 -260. 
[0167] The subtraction result memorized by memory 51-260 Are the eccentricity corresponding to a 
disk angle location, and the distance resulting from the eccentricity of circular data-tracks 51-D3 and the 
head locus 51-503 (refer to drawing 25 ) is expressed. According to control signal 51-CS1 and address . 
signal 51-AS1 which CPU 51-251 outputs based on home index signal 51-HIS, reading appearance is 
carried out as eccentricity 51-261, and it can use as an eccentricity table for performing eccentric 
amendment. 

[0168] Drawing 27 is drawing in the example of a configuration of drawing 26 showing the relation 
between clock mark regenerative-signal 51 -CMS and the time interval measured. In drawing 27 , when 
the counted value of the time interval of n-th clock mark regenerative-signal 51 -CMS and clock mark 
regenerative-signal 51-CMS of eye ** (n+1) watch was expressed as t (n) and counted value when the 
circle locus 51-503 of drawing 25 separates from the circular data-tracks center 51-500 most is set to t 
(k), the counted value when approaching most is set to t (k+N/2). 

[0169] the counted value train 51-250 memorized by an example 51-252 of the time interval of the clock 
mark regenerative signal measured by the time interval measurement section 5 1 -70 which drawing 28 
consisted of like drawing 26 , i.e., memory, - a data number (sampling number) - relating a table - it 
is a thing the bottom. In drawing 28 , counted value when the circle locus 51-503 of drawing 25 
separates from the circular data-tracks center 51-500 most is t (k), and the counted value when 
approaching most is t (k+N/2). 

[01 70] -Drawing 29 expresses the distance resultina-from an exampleofthe-ecc entri ci ty memori zedby 

relating with the memory 51-260 of the eccentricity storage section 51-26 constituted like drawing 26 at 
the angle of rotation of a disk, i.e., the eccentricity of circular data tracks and the head locus 51-503 
(refer to drawing 25 ), and is as mentioned above as a result of [ which subtracts the time interval 
measurement value of eye ** (p+N/2) watch, and is obtained from the p-th time interval measurement 
value ] eccentric measurement. As an eccentricity table corresponding to a disk angle location, the data 
stream 5 1-261 memorized by memory 5 1 -260 can be used in order to perform eccentric amendment. 
[0171] Drawing 30 shows the configuration of other examples of the eccentricity test section 25 of 
drawing 21 . measurement of the time interval of clock mark regenerative-signal 51-CMS of eye ** 
(n+m) watch (n is the integer of either 1 thru/or N) time interval measurement section 51 -70C used 
home index signal 51-HIS, and were reproduced from the disk, and clock mark regenerative-signal 51- 
CMS of eye ** (n+m +1) watch - m= 0 - or (N+N / 2-1) carries out about integral each. According to 
control signal 51-CS8 and address signal 51-AS8 which memory access section 51-251C outputs based 
on home index signal 51-HIS, the sequential storage of the time interval measurement value measured 
by time interval measurement section 5 1 -70C is carried out at memory 5 1 -252C. 
[0172] According to control signal 51-CS8 which memory access section 51-251C outputs based on 
home index signal 51-HIS, and address signal A51-S8, reading appearance of the time interval 
measurement value memorized by memory 51-252C is carried out. Adder 51 -255C performs N/2 
addition (namely, addition for 1/2 rotation) from the p-th time interval measurement value by which 
reading appearance was carried out to the time interval measurement value of eye ** (p+N/2) watch 
about each of the integer of p= 1 thru/or N. According to control signal 51-CS9 and address signal 51- 
AS9 which memory access section 51-251C outputs based on home index signal 51-HIS, the sequential 
storage of the addition result obtained by adder 51-255C is carried out at memory 51-256C. 
[0173] On the other hand, 1-/N of the addition result which N individual part addition (namely, addition 
for one rotation) of the addition result obtained by adder 51-255C was carried out by adder 51-257C, 
and was obtained by adder 51-257C is carried out by divider 5 1-25 8C, and average 51-AV3 is 
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[0174] According to control signal 51-CS9 and address signal 51-AS9 which memory access section 51- 
25 1C outputs based on home index signal 51 -HIS, reading appearance of the addition result memorized 
by memory 51-256C is. carried out one by one. Subtracter 51-259C performs subtraction of the average 
AV3 about each of the integer of k= 1 thru/or N from the k-th subtraction result by which reading 
appearance was carried' out. According to control signal 51-CS10 and address signal 51 -AS 10 which 
memory access section 51-251C outputs based on home index signal 51 -HIS, the sequential storage of 
the subtraction result subtracter 5 1 -259C Obtained is carried out at memory 5 1 -260G. 
[0175] The subtraction result memorized by memory 51-260C Are the eccentricity corresponding to a 
disk angle location, and the distance resulting from the eccentricity of circular data-tracks 51-D3 and the 
head locus 51-503 (refer to drawing 25 ) is expressed. According to control signal 51-GS10 and address 
signal 51 -AS 10 which memory access section 51-251C outputs based on home index signal 51 -HIS, 
reading appearance is carried out as eccentricity 51-261C. It can use as ah eccentricity table for' 
performing eccentric amendment. Therefore, the example of drawing 30 can shorten the, counter length , 
which uses it for time interval measurement while being able to reduce a noise. 

[0176] Drawing 3 1 shows the relation of the clock mark regenerative signal and measured time interval 
51-250C in the example shown in drawing 30 . In drawing 31 , the time interval of 2nd clock mark 
regenerative-signal 51-CMS and the clock mark regenerative signal of eye ** '(n+l) watch is t (n). 
[0177] Drawing 32 is drawing showing average 5 1-AV3 outputted from time interval 5 1-250C of the 
clock mark regenerative signal which was measured by time interval measurement section 51 -70C, and 
was memorized by memory 5 1 -252C, and divider 5 1 : 258C in the example shown in drawing 30 . Time 
interval measurement section 51-70C measures the mininuim time basis which a measurement means 
has. Time interval data stream 5 1-250C by which the minimum time basis was measured to eccentricity 
when coarse becomes step-like to a disk angle location. If severalN/2 which add time interval data 
stream 51-250C measured in the shape of a step in adder 51-255C are large enough, the eccentric 

-Moimation-acquked-is-smoot^^ 

[0178] an example of the eccentricity which drawing 33 is related with the angle of rotation of a disk at 
memory 5 1 -260C in the example shown in drawing 30 , is alike; and is memorized - 5 1 to 26 1 C 
Namely, data stream 5 1 -26 1 C which expressed the distance resulting from the eccentricity of circular 
data-tracks 51-D3 and the head locus 51-503 (refer to drawing 25 ), and was memorized by memory 51- 
260C As an eccentricity table corresponding to a disk angle location, it can use in order to perform 
eccentric amendment. 

[0179] In addition, although eccentricity was measured from the clock mark above, you may make it 
measure from the servo pattern currently recorded on the servo data storage area 20-40 shown in 
drawing 2 (the unique pattern 20-72, Gray code 20-71, wobble DOMAKU 20-12, 20-13, etc.). 
[01 80] Next, the point about the tracking servo section 10-7 of drawing 1 is explained. 
[0181] Drawing 34 shows the configuration of one example in the case of carrying out tracking control 
in a magnetic disk drive. The rotation drive of the magnetic disk 60-2 (50-1 A [ of drawing 21 ], 50-1B) 
is carried out by the spindle motor 60-8. It is supported by the arm 60-12, it is rotated by the voice coil 
motor (VCM) 60-14, and the magnetic head 60-10 (it has the configuration shown in drawing 17 and 
drawing 18 ) performs writing and read-out of data to a magnetic disk 60-2. 

[0182] As explained with reference to drawing 2 , the truck 60-4 of the shape of a concentric circle and 
spiral a large number is formed in a magnetic disk 60-2, and the servo pattern of ** (Gray code 20-71) 
for positioning an arm head 60-10 (tracking control) and a precision (wobble DOMAKU 20-12, 20-13) 
is beforehand recorded on the truck 60-4. The axis of rotation of a spindle motor 60-8 is driven for 
example, by 3600rpm. 

[0183] The playback amplifying circuit 60-21 amplifies the output of the magnetic head 60-10, and 
outputs it to the truck position error detector 60-23 and the track-address decoder 60-32. The track- 
address decoder 60-32 reads the track address of a Gray code in an input signal, and outputs it to the 
location generator 60-36 by making the difference into a rough signal as compared with the address of a 
desired truck (it should access). The truck position error detector 60-23 detects the signal corresponding 
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to wobble DOMAKU from an input signal, and outputs the tracking error signal corresponding to the 
gap from the truck of the magnetic head 60-10. A/D conversion of this signal is carried out by A/D 
converter 60-34, and it is supplied to the location generator 60-36. 

[0184] The location generator 60-36 adds the output of the track-address decoder 60-32, and the tracking 
error signal which A/D converter 60-34 outputs, and generates a position signal (final tracking error 
signal). 

[0185] The feedback control section 60-40 is a signal (it corresponds to the location which should 
arrange the magnetic head, and when the location is the center of a truck) which shows the servo criteria 
of the position signal from the location generator 60-36, and a truck. The subtractor 60-41 which outputs 
a position error signal in quest of the difference from which this signal is set to 0, The component 60-42. 
for performing PID (Proportional plus Integral plus Derivative action) actuation (PID action) to this 
position error signal, 60-43, and 60-44, It has the adder 60-45 adding the output of thiese'components. 
The feedback control section 60-40 drives VCM 60-14 through D/A converter 60-70 and the drive 
amplifier 60-80, and performs actuation (the so-called closed loop actuation) which positions the 
magnetic head 60-10 in the criteria location (usually center) of a truck 60-4. The above is well-known 
technology: 

[0186] The feature of the example of this invention of drawing 34 is in the point of having formed the 
adder 60-56 which adds the point of having formed the feedforward control section 60-60 which has the 
eccentricity storage section 60-26, the signal which carried out phase compensation (equalizing) of the 
output signal of this feedforward control section 60-60 in the phase compensating network 60-75, and 
the output signal of the feedback control section 60-40, and is supplied to D/A converter 60-70. As the 
eccentricity storage section 60-26 which constitutes this feedforward control section 60-60, the 
eccentricity storage section 50-26 (eccentricity storage section 51-26 of drawing 26 ) of drawing 21 can 
be used as it is. That is, as explained with reference to drawing 25 thru/or drawing 33 , the data 
corresponding to eccentricity is memorized by the eccentricity storage section 60-26. 
-[0187]-The-feedforward data memorized -by_the-eccentricity storage.section_60r26 is referred to to the^__ 
same timing as the time of the eccentric measurement actuation for one above-mentioned rotation, and is 
outputted as a feedforward control output 60-57. After phase compensation (phase leading) of this signal 
is carried out by the phase compensating network 60-75, it is inputted into an adder 60-56. After an 
adder 60-56 adds this signal to the output 60-52 of the feedback control section 60-40, it is supplied to 
the VCM drive amplifier 60-80 through A/D converter 60-70. The drive amplifier 60-80 drives VCM 
60-14 according to this. 

[0188] What is necessary is just to use the signal with which the arm head 60-10 reproduced the servo 
. pattern 60-6 (for example, clock mark mentioned above) recorded on the disk 60-2 as a reference signal 
for referring to the controlled- variable data of the eccentricity storage section 60-26 to the same timing 
as the time of measuring eccentricity, , the angle-of-rotation signal of a spindle motor 60-8, etc. 
[0189] The principle is as follows although the closed loop control constituted from the location 
generator 60-36, the feedback control section 60-40, D/A converter 60-70, and VCM drive amplifier 60- 
80 by taking the above-mentioned configuration can decrease further the stationary positioning 
deflection to a target truck criteria location. 

[0190] Drawing 35 is the block diagram which simplified the example of drawing 34 . the transfer 
function of the circuit system 60-40, i.e., the feedback control section, in which 60-151 drives VCM 60- 
14 among drawing 35 , the transfer function of VCM 60-14 whose 60-152 is a controlled system, and r - 
- the reference value of an aim truck, and x - a head location and d - truck eccentricity and y - an 
observation post - it comes out, and it is and this is the same as that of well-known technology. Uff is 
the feedforward control output newly added by this invention. 

[0191] The following formula can show residual disturbance component d- in drawing 35 . 
d' = d+o (jomega), Uff [0192] However, when tracking control is carried out using the feedforward data 
calculated by the above-mentioned method, the feedforward control output Uff is set to Uff =-inverse (G 
(jomega)) and d, however G (jomega) and inverse(G (jomega)) = 1, and obtains d' = 0 from this. 
[0193] Therefore, according to the example of this invention of drawing 34 , the effect of truck 
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eccentricity can be negated and the stationary positioning deflection to an aim truck center can be 
decreased. 

[0194] As mentioned above in this invention, while forming a truck in a magnetic disk beforehand with 
a stamp, a clock mark besides the servo, mark of wobble DOMARU, a Gray code, and others, a sector 
number, a track number, etc; are beforehand fabricated with a stamp. Thus, when a predetermined mark 
builds the magnetic disk by which stamp formation was carried out beforehand into the housing 
mentioned later, it cannot be avoided that the eccentricity of about 50 micrometers occurs. In order to 
perform exact record playback, as for the location gap error of a truck arid the magnetic head, being 
referred to as about 0.1 micrometers is desirable. 

[0195] for example, ISO- the magneto-optic disk of the 130mm diameter of the sample DOSABO 
method defined by 10089 (B) - setting - 1367 pieces - moreover - the magneto-optic disk of the 
90mm diameter of the sample DOSABO method defined by ANSI-X3.2 13-1 993 -- 1472 pieces - it is 
made as [ form /, respectively / about disk 1 rotation (1 round) / a servo field ]. Therefore, if this is 
rotated by 60Hz, the sampling rate of servo data will be set to 8QkHz thru/or 88kHz. Thereby, a position 
signal with a band 40kHz or less is acquired. 

[0196] Since the tracking servo of the optical arm head used for record playback of a magneto-optic disk 
is only a configuration which drives the minute objective lens which irradiates a laser beam with a voice 
coil to a magneto-optic disk, for example, as a dashed line shows to drawing 36 , it can constitute a 
tracking servo system from which gain is set to 1 by about 30kHz. When setting the rotational frequency 
of a disk to 60Hz, the gain becomes about 500 times. Therefore, even if there is eccentricity of 50 
micrometers, a following error can be oppressed to about 0. 1 micrometers. 

[0197] On the other hand, in the magnetic disk drive made applicable [ of this invention ] to application, 
as mentioned above, the arm holding the magnetic head is supported free [ rotation ] by the ball bearing, 
and tracking control is performed by rotating this arm. Therefore, the mass of the section for a drive is 
very larger than the case in an optical arm head, and mechanical resonance occurs near 10kHz. 
^01£8}^or-this reason, on the whole,:thegain of-thetraclrin^ 

shown in drawing 36 as a continuous line is raised, and if it is made to move to the location shown by 
the drawing destructive line, an oscillation will occur [ near the mechanical resonance frequency ]. For 
this reason, gain of the whole servo system cannot be enlarged. 

[0199] Moreover, if the gain of the whole tracking servo system is raised, since the gain of a high region 
will also go up, the sampling frequency of servo data must be enlarged according to the theorem of 
nyquist. Since this means increasing the number of the servo data per one truck, it means that the storage 
capacity of a disk becomes small so much. 

[0200] Moreover, if it is set as the magnitude which shows the gain of servo system as a continuous line 
in drawing 36 , since only about 50-time gain can be conversely acquired in 60Hz which is a rotational 
frequency, deflection of 50 micrometers cannot be oppressed to about at most 1 micrometer. 
[0201] However, according to this example, as mentioned above, in 60Hz which is a rotational 
frequency, a feedforward signal is added to the usual tracking error signal. Consequently, the gain on the 
appearance of a tracking servo system becomes large locally in the frequency of 60Hz, as shown in 
drawing 37 . With this feedforward signal, since about 10-time gain can be acquired, 1 micrometer of 
residua by the closed loop mentioned above can be oppressed to 0.1 micrometers. Thereby, after all, in 
the frequency of at least 60Hz, 500 times as many gain as this is able to be acquired, and the deflection 
of 50 micrometers can be oppressed to 0. 1 micrometers. 

[0202] Thus, if it is made to raise gain only [ near the rotational frequency ] and is made not to raise the 
whole gain, compared with the case where the whole gain is raised, single [ about ] figure frequency 
which becomes gain 1 can be made small. That is, when the dashed line of drawing 36 shows, it is 
30kHz, but it is set to 3kHz when the continuous line of drawing 37 shows. 

[0203] By the theorem of nyquist, a sampling frequency required for reappearance of the positional 
information to 3kHz is at least 6kHz. However, since the frequency of this nyquist is frequency just 
before losing information, that the one 10 times sampling frequency [ 5 thru/or ] of this is required for it 
practical. For this reason, a practical sampling frequency is set to 6kHzxlO/60Hz=1000 (a piece/round). 
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That is, there . should just be 1000 servo data storage areas per round. As a result of the experiment, when 
the number of the servo data storage areas per round was made into 840 pieces or 420 pieces, the good 
positioning property was able to be acquired. 

[0204] Next, the point which detects an off-track among the points about the tracking servo section 10-7 
of drawing 1 is explained. 

[0205] Drawing 38 shows the configuration of one example of the detector which detects an off-track. 
The tracking error signal which the truck position error detector 50-23 in drawing 21 outputs is supplied 
to the window comparator 70-1 . The reference voltage which the reference voltage generating circuit 
70-2 outputs is supplied to this window comparator 70-1 again. As this reference voltage, the reference 
voltage as a top threshold which constitutes a window, and the reference voltage as a bottom threshold . 
are contained. 

[0206] That is, the window comparator 70-1 compares a tracking error signal with these two thresholds, 
its level of a tracking error signal is larger than a top threshold, or when smaller than a bottom threshold, 
it outputs a detecting signal to the judgment circuit 70-3. The judgment circuit 70-3 judges whether 
record actuation is stopped from the inputted signal, and outputs a judgment result to the Records 
Department 10-9 of drawing 1 . At the Records Department 10-9, when this signal is inputted, record 
actuation is suspended. 

[0207] Next, with reference to the flow chart of drawing 39 , detailed judgment actuation of the window 
comparator 70-1 and the judgment circuit 73-3 is explained. 

[0208] In step S70-1, it judges first whether a tracking error signal exists in a window. This step is 
judged by the window comparator 70-1. When a tracking error signal exceeds the range of a window, 
the number is set to Variable N in step S70-2. That is, Variable N shows the count to which the level of 
a tracking error signal exceeded the range of a window. 

[0209] Next, it progresses to step S70-3 and the count of continuation to which the tracking error signal 
exceeded the range of a window is memorized. That is, a tracking error signal is sampled whenever 

wobble POMA^t T <™na* (with segment perind) ] hut the count is memorized_when the range of a — 

window is exceeded by the continuous segment. And in step S70-4, it is judged whether the memorized 
count of continuation is 3 times or more. When it is not three continuation, it progresses to step S70-5 
and it is judged whether three samplings have exceeded the range of a window among the past four 
samplings. Step S If it progresses to step S70-6 and is not ordered in termination when the judgment in 
70-5 is also NO, return and the same processing are repeated by step S70-1. 
[0210] Step S In 70-4, when [ that there were three counts exceeding the range of a window 
continuously ] judged, or when [ to which three of the past four samplings have exceeded the range of a 
window in step S70-5 ] it is judged, it progresses to step S70-7 and the pulse which suspends record 
actuation is outputted. This pulse is supplied to the Records Department 10-9 of drawing 1 , and the 
Records Department 10-9 suspends record actuation, when this pulse is inputted. Step S The processing 
after step S70-6 is repeated by the degree of 70-7. 

[021 1] That is, when the location data which separates from a detection window is generated more than 
predetermined frequency since the servo data storage area is formed so that location data may be 
obtained by the high frequency called 25kHz, he is trying to suspend record actuation for the first time 
in the magnetic disk of this example. 

[0212] When the range of a window is exceeded even once, it is also theoretically possible to make it 
stop record actuation immediately. In this case, when narrowing width of face of a window and a big 
impact is added to a magnetic disk drive, it can prevent certainly that the magnetic head will move to the 
next truck and data will be recorded there. However, if width of face of a window is made not much 
narrow, when few noises occur, record actuation will be suspended immediately, and a throughput will 
fall. Conversely, if width of face of a window is made large too much, even when the noise of hard flow 
occurs and it will have moved to the truck which adjoins in fact, what it becomes impossible to detect 
this and records data on the next truck accidentally occurs. 

[0213] Then, as mentioned above, when off-track detection is carried out by predetermined frequency, it 
is desirable to make it suspend record actuation. 
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[0214] A window is set as width of face equal to positive/negative both directions centering on a criteria 
location. When setting width of face (one half of width of face of a window) from the criteria location of • 
this window to 0.75 micrometers (the level of a tracking error signal and the relative location gap from 
the criteria location of the truck of the magnetic head can be made to correspond), error detection 
probability when the impact of 10G is added can be made or less into ten to three by performing 
judgment processing mentioned above. Moreover, when the impact of 100G is added, the amount of an 
off-track can make probability that record actuation can be suspended 95% or more, in a condition 0.95 
micrometers or less. . 
[0215] Next, the reason is explained. 

[0216] Suppose that the near imbalance of one rotation center [ that the magnetic head is attached now ] 
side of an arm, and another side is 0.1 or less gems, the sampling frequency of wobble DOMAKU is 
25kHz, and S/N of a position signal is 31dB (the ratio will be set to 31dB, if the. width of recording track 
is set to 5 micrometers and the gap by the noise is set to 0.07 micrometers). 

[0217] Inertia J of an arm is set to 1.06xl03gmm2, and length r pf an arm is set to 36mm further again. , 
And when there is arm imbalance of 0.1 gem, the result of a simulation when the shock of 10G is added 
is shown in drawing 40 ( drawing 40 shows the case of the magnitude whose shock is 10G, and the case 
of the magnitude of 100G). A 0.12-micrometer off-track arises at one, side So that more clearly than this 
drawing (to the left or right). Among these, an off-track presupposes that it may incorrect-detect in the 
section used as 0.1 micrometers or more. Moreover, the time amount of this section is set to about 1.8ms 
(45 samples). , ■ 

[0218] The greatest off-track at the time of the shock of 10G is 0.6 micrometers. Then, when it assumes 
that it is what has produced the period for 1.8ms'(45 samples),, and the 0.6-micrbmeter off-track, the 
probability of incorrect detection was estimated and S/N of a position signal is set to 3 1 dB, the 
probability observed by 0. 1 5 micrometers or more shifting to one side rather than a real location is set to 
1.62x10-2. When haying produced the 0.6-micrometer off-track from this, that in which three or more 

cotnpl^o faaye cgp Q r*teH frnm the. winHnw (less than 0.7S micrometers^ and the probability incorrect- 

detected are set to 1 .68x10-5 among continuous 4 samples. Among 4 samples which the arbitration 
within this section (45 samples) follows, since the probability fo!r three or more samples to be detected 
by separating from a window becomes these about 40 times, it is set to about 7x10-4, and ten to three or 
less are the incorrect detection probability. 

[0219] On the other hand, when there is arm imbalance of 0.1 gem and the shock of 100G is added as 
shown in drawing 40 (a), the off-track after shock impression comes to be shown in drawing 40 (b). It 
turns out that the ** 1 .2-micrometer off-track exceeding the range (**0.75 micrometers) of a window has 
occurred as shown in this drawing, and it is necessary to stop record. 

[0220] Drawing 41 expands and shows the response immediately after shock impression. In the section 
whose off-tracks are 0.7 micrometers thru/or about 0.9 micrometers, it turns out that the magnetic head 
moves at the rate of about 0.03 micrometers / sampling. Since the migration locus of an arm head 
changes under the effect of a noise in fact and speed is also fluctuated, the case where it moves at the 
rate of 0.04 micrometers / sampling is considered supposing the case of being the worst. 
[0221] Drawing 42 expresses signs that the magnetic head carries out the off-track, when it does in this 
way and the impact of 100G is added. In an off-track condition 0.95 micrometers or less, although what 
is necessary is just to be able to detect an off-track, when a gap (a maximum of 1 sample existence is 
recognized) of location detection timing is taken into consideration, in drawing 42 , it is desirable that it 
is detectable that there was an off-track at the time of a 0.91 -micrometer off-track. Then, it will become 
95.1% if the probability which will be detected as that in which three or more samples separated from 
the window (less than [ **0.75micrometer ]) among 4 samples with which arbitration continues at the 
time to the off-track location of 0.91 micrometers if the magnetic head moves along with the locus of 
drawing 42 as a thing according to the normal distribution whose noise is mho=0.07micrometer is 
searched for. 

[0222] Even when it moves from this along with loci other than the locus which the magnetic head 
shows to drawing 42 , it turns out by 95% or more of probability that detection of an off-track is possible 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



3/4/2004 



Page 23 of 39 



in the state of an off-track 0.95 micrometers or less (when location detection timing has shifted). 
[0223] Incidentally, since the detection ratio of the time of the 0.95-micrometer off-track pf drawing 42 
becomes 99.7%, even if the worst, in less than 0.99 micrometers, detection of an off-track is expectable. 
[0224] Drawing 43 sets S/N to 31dB, and expresses the example of a response over the impact of 100G 
in the simulation adding a noise. In this drawing, the amount of off-tracks with an actual dashed line is 
expressed, and the continuous line expresses the observation post. In this case, when set to about 0.9 
micrometers of 4 sample eye, an off-track gap is detected, and when it is 0.95 micrometers or leSs, it is 
possible, after the amount of off-tracks exceeds 0.75 micrometers as a threshold of a window to stop 
record. 

[0225] Thus, compared with the case where carry out preparing a piezoelectric device in the interior of a 
magnetic disk drive etc., and an impact is detected by detecting an impact from a tracking error signal, 
an impact is detected very quickly, and it becomes possible to suspend record actuation. 
[0226] Next, the point of the playback section 10-8 of drawing 1 is explained. 

[0227] decoding the data reproduced from the magnetic disk with which data and various kinds of marks 
are recorded as it mentioned above - for example, - although the 3 value level detection method by 
three thresholds, 2, 0, and +2, can be considered, while it has the advantage that circuitry is easy and 
ends, it has the defect that ability to detect is comparatively low. 

[0228] Therefore, like the ID section (Gray code 20-72 of drawing 2 , sector number 20-41a, a track 
number 20-41M, 20-4lb2) of a sector, if this decoding method considers that defect, after decoding ID, 
it is unsuitable [ applying, when decoding the data of a data area ] for the portion which should judge 
quickly whether data is written into that sector at any rate. 

[0229] Then, it is "Viterbi Detection of Class IV Partial Response on a Magnetic Recording Channel", 
using data as the method of carrying out record playback at a magnetic disk using a partial response 
method. The algorithm of the so-called Wood indicated by IEEE TRANS ATIONS ON ' 
COMMUNICATIONS, VOL.COM-34, NO.5, MAY 1986, etc. is known. 

[0230] Condition <-l> -> condition [ which simp l ifies th e^Vi terhi algorithm with the algorithm of Wnnri 

stated by this reference in accordance with the partial response (1-1) of a pair equivalent to the partial 
response class IV (partial response (1, 0, -1)), and a survival pass pattern shows drawing 44 ] <-l>, and 
condition <-l> -> condition <+l> (this drawing (a)) 

Condition <-l> -> condition <-l> and condition <+l> -> condition <+l> (this drawing (b)) 
Condition <+l> -> condition <+l> and condition <+l> -> condition <-l> (this drawing (c)) 
By judging any of the ** 3 patterns it becomes, it is made as [ obtain / the decode data with which the 
error rate has been improved ]. 

[0231] Here, three survival pass patterns are hereafter made to express with three sorts of two literal 
notations ->** (upward emission), ->-> (parallel pass), and ->** (downward emission), respectively. 
[0232] That is, according to the algorithm of Wood, when upward emission (->**) or upward downward 
emission (->**) appears as a survival pass pattern, the pass from the point (location p) where the 
emission before one appeared from the point (location k) to the point (location k) can be decided, and it 
is made as [ decode / data ] by repeating this. 

[0233] Using the algorithm of such Wood, drawing 45 decodes the data from a magnetic disk (it has the 
format shown in drawing 2 ), and shows the example of a configuration of the regenerative circuit 80-80 
which performs the error detection further. 

[0234] In the synthetic circuit 80-2, based on the timing of the change over signal which the change over 
circuit 80-1 outputs, it is restored in order of origin and the data from a magnetic disk is outputted, after 
being inputted into the processing circuit 80-10 or 80-20 and processing the even number train sample 
an odd number train sample according to an individual, respectively. 

[0235] In addition, although the configuration of the processing circuit 80-10 which processes an even 
number train sample is shown in details, the processing circuit 80-20 which processes an odd number 
train sample consists of drawing 45 similarly. 

[0236] In the processing circuit 80-10, the data from a magnetic disk is supplied to a subtracter circuit 
80-12 and register 80-13b through the switch 80-1 1 which carries out ON/OFF to the timing of an even 
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number train sample / odd number train sample corresponding to the change over signal (even/odd -1 (a 
bar (-) is given to odd and drawing is shown)) outputted from the change over' circuit 80-1 . That is, the 
even number train sample of the data from a magnetic disk is supplied to a subtracter circuit 80-12 and 
register 80- 13b. 

[0237] Register 80- 13b memorizes the sampled data yp in the emission point in front of one, and from 
the inputted even number train sample (even number train sample of the data from the magnetic-disk 
section 10-2) yk, a subtracter circuit 80-12 subtracts the value yp memorized by register 80-1 3b (yk-yp) 
(calculating), and outputs it to a comparator circuit 80-14. 

[0238] + whose comparator circuit 80-14 is a threshold - corresponding to beta memorized by 2, 0, -2, 
the output (yk-yp) of a subtracter circuit 80-12, and register 80- 13a, data processing shown in a table 2 
and a table 3 is performed, and the output data shown in a table 2 and a table 3 are outputted 
corresponding to the result of an operation. The details of this operation are later mentioned with 
reference to drawing 46 . 





[0239] . 
[A table 2] 




j3=l©il ■ : . ' 






• yic-y P ^-2 
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-2<y k -y P ^G 
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0<yk-y P 
C 




yp — yk 


yp— yp, 


yp— yk 






new 0 — — I 
UPDATE =1 
DATA= 1 
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[0240] 
[A table 3] 
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yk-yp^O 
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0<yk-y P ^2 
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2<yk-y P 
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yp-^yk 
0 — l 


yp*yk 


y P *yk. 




new 0 — — 1 
UPDATE =1 
DATA=0 
p or k = p 


new 0 = * 
UPDATE =0 
DATA=0 
p or k = k 


new 0 =1 
UPDATE =1 
DATA = 1 
p or k = p 




[0241] Here, as shown in a table 2 or a table 3, beta takes the value of either +1 outputted from a 
"comparat or circui t 80-14 or -1, when the emi s sion befor e one is upward e mission ( ^**), 1 io o e t to b e ta, 
and -1 is set to beta when the emission before one is downward emission (->**)- Therefore, beta shows 
the class (was the emission before one upward emission, or was downward emission?) of emission 
before one. 

[0242] A register 80-15 carries out counting of the PLL clock outputted from PLL which is not 
illustrated, and memorizes enumerated data k (sampling time). A register 80-16 memorizes the 
enumerated data k of a register 80-1 5 as p (time of day to which the emission before one came) 
corresponding to the updating instruction (UPDATE) which a comparator circuit 80-14 outputs. A 
selection circuitry 80-17 chooses the value p which a register 80-16 memorizes, or the value k which a 
register 80-15 memorizes corresponding to the selection command (p or k) which a comparator circuit 
80-14 outputs. 

[0243] RAM 80-18 writes the output data (DATA) from a comparator circuit 80-14 in a memory cell by 
making the output (p or k) of a selection circuity 80-17 into a write address. A counter 80-19 carries out 
counting (count-up) of the number of the data written in RAM 80-18 based on the reference clock which 
the circuit which is not illustrated outputs, and RAM 80-18 sends out the data of all memory cells to 
coincidence in the synthetic circuit 80-2, after the writing of the data to all memory cells is completed 
based on the enumerated data of a counter 80-19. The synthetic circuit 80-2 returns and outputs the even 
number train sample from the processing circuit 80-10, and the odd number train sample from the 
processing circuit 80-20 to the original array based on the change over signal (even/odd -1) from the 
change over circuit 80-1. 

[0244] if a configuration as shown in this drawing 45i s used and it will hit performing Viterbi decoding 
of data — square - a vessel becomes unnecessary, an adder can be managed with one piece and a 
comparator can be managed with two pieces. It is necessary to prepare RAM 80-1 8 for correcting, in 
addition memorizing pass. 

[0245] Using the updating instruction (UPDATE) and output data (DATA) from the change over signal 
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(even/odd -1) from the change over circuit 80-1, and the processing circuit 80-10, and the updating 
instruction (UPDATE) and output data (DATA) from the processing circuit 80-20, the shift register 
arithmetic circuit 80-3 is made as [ perform / a CRC operation ], if Viterbi decoding is carried out based 
on the algorithm of above-mentioned Wood simultaneously. 

[0246] Next, an example of operation when a certain signal is inputted is explained with reference to the 
timing chart of drawing 46 to the circuit of this drawing 45 . 

[0247] When a signal (input wave) as shown in drawing 46 is now inputted into the regenerative circuit 
80-80 of drawing 45 , a comparator circuit 80-14 operates as follows according to a table 2 and a table 3. 
However, initial value of yp and beta is set to yp=-2 and beta=-l, respectively. 

[0248] < ~ k=0: ~ the time of input yk=y0=1.6;yp=-2;beta=-l - > - since it is yk-yp=l .6-(-2) =3.6>2, 
an input corresponds to the condition pattern F of a table 3. That is, since it is upward emission (suitably 
henceforth divergence), according to a table 3, beta is updated to +1 of register 80-13a, p (time of day to 
which the emission before one came) is updated with a register 80- 1 6, and it is referred to as p=k=0, and 
is referred to as yp(sampled value in time of day to which the emission before one came) =y0=l .6 by . 

register 80-1 3b. . . 

[0249] < - k=l : ~ the time of input yk=yl=0.2;yp=l .6;beta=+l ;p=0 - > -2 - < -- since it is yk-yp=0.2- 

1.6—1.4 <=0, an input corresponds to the condition pattern B of a table 2, That is, since it will be called 

parallel pass, beta of register 80-13a and 80-13b and yp presuppose that it remains as it is, choose the 

storage value k of a register 80-15 (= 1) by the selection circuitry 80-17, and write data (RAM data) 0 in 

the address k of RAM 80-18 (= 1) (the logic of the data in k= 1 is decoded as 0). 

[0250] < - k=2: - the time of input yk=y2=-0.2;yp=1.6;beta=+l;p-0 ~ > -2 -- < ~ since it is yk-yp— 

0.2-1 .6=-l .8 <=0, an input corresponds to the condition pattern B of a table 2. That is, since it will be 

called parallel pass, beta of register 80-13a and 80-13b and yp presuppose that it remains as it is, choose 

the storage value k of a register 80-15 (= 2) by the selection circuitry 80-17, and write data 0 in the 

address k of RAM 80-18 (= 2) (the logic of the data in k= 2 is decoded as 0). 

[0251] c-k - 3 : — the tim o of input yk - y3^2.0;yp=l ,6;beta=+l ; p=0 ^- > - sin ce it i s yk-yp=? 0- — 
1 .6=0.4>0, an input corresponds to the condition pattern C of a table 2. That is, since it is upward 
divergence, the former candidate yp becomes what (it was yp<ykj was beaten by the current value yk. 
Namely, in k= 0 (p= 0), although judged with upward emission (beta= +1) Since upward emission 
(beta= +1) came, it means being the parallel pass of the upward emissions last time this time (setting to 
k= 3) (in k= 0, supposing upward transition starts, in k= 3, pass will become discontinuity). 
[0252] Then, the storage value p of a register 80-16 (= 0) is chosen by the selection circuitry 80-17, and 
data 0 is written in the address p of RAM 80-18 (= 0) (the logic of the data in k= 0 is decoded as 0). 
Moreover, beta is set to +1 of register 80-13a, and the storage value p of a register 80-16 is updated with 
the storage value k of a register 80-15, it is referred to as p=k=3, and the storage value yp of register 80- 
13b is further made into yp=y 3= 2.0. 

[0253] < - k=4: -- the time of input yk=y4=0.2;yp=2 ? 0;beta=+l;p=3 -- > -2 - < - since it is yk-yp=0.2- 
2.0=-l .8 <=0, an input corresponds to the condition pattern B of a table 2. That is, since it will be called 
parallel pass, beta arid yp remain as-it is, choose k (= 4), and write data 0 in the address k of RAM 80-1 8 
(= 4) (the logic of the data in k= 4 is decoded as 0). 

[0254] < ~ k=5: - the time of input yk=y5=-0.4;yp=2.0;beta=+l ;p=3 - > - since it is yk-yp=-0.4-2.0=- 
2.4 <=-2, an input corresponds to the condition pattern A of a table 2. That is, it means the former 
candidate being right since it is downward divergence (that is, it means that there had been upward 
transition among upward emissions in k= 3 (p= 3)). Therefore, data 1 is written in the address p of RAM 
80-18 (= 3) (the data in k= 3 is decoded as logic 1). Moreover, beta is set to -1, and p is updated, and it is 
referred to as p=k=5, and is further referred to as yp=y5=-0.4. 

[0255] < - k=6: -- the time of input yk=y6=-0.2;yp=-0.4;beta=-l;p=5 - > - 0 - < -- since it is yk-yp=- 
0.2-(-0.4) =0.2 <=+2, an input corresponds to the condition pattern E of a table 3. That is, since it will be 
called parallel pass, beta and yp remain as it is, choose k, and write data 0 in the address k of RAM 80- 
1 8 (= 6) (the data in k= 6 is decoded as logic 0). 

[0256] < - k=7: - the time of input yk=y7=-2.0;yp=-0.4;beta=-l ;p=5 - > - since it is yk-yp=-2.0-(-0.4) 
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—1 .6 <=0, an input corresponds to the condition pattern D of a table 3. That is, it means that the former 

candidate was beaten since it was downward divergence. That is, in k= 5 (p= 5), since it means that 

there had been downward not transition but parallel transition, data 0 is written in the address p of RAM 

80-18 (= 5) (the data in k= 5 is decoded as logic 0). Moreover, beta is set to -1, and p is updated, and it is 

referred to as p=k=7, and is further referred to as yp=y7=-2.0. ♦ 

[0257] < -- k=8: -- the time of input yk=y8=0.2;yp=-2.0;beta=-l ;p=7 -- > - yk-yp=0.2-(-2.0) = - since 

is 2.2> +2, an input corresponds to the condition pattern F of a table 3. That is, since it will be called 

upward emission, it means front data being right. That is, in k= 7 (p= 1\ since it means that downward 

transition had started, data 1 is written in the address p of RAM 80-18 (= 7) (the data in k= 7 is decoded 

as logic 1). Moreover, beta is set to +l.and it considers as yp=y 8= 0.2 ( drawing 46 ). 

[0258] Hereafter, similarly, the decode of data based on the algorithm of Wood is performed, and the 

decoded data is written in RAM 80-18 one by one. • 

[0259] RAM 80-18 is constituted by two or more memory cells DO wit!) the capacity of 1 bit thru/or Dn, 

an address decoder 80-31, and the write-in control line 80-32-0 thru/or 80-32-n arranged corresponding 

to each memory cell DO thru/or Dn as shown in drawing 47 . Moreover, data (DATA) is supplied to all 

from the comparator circuit 80-14 shown in a memory cell DO thru/or Dn at drawing 45 . 

[0260] It ^yrites in from the selection circuitry 80-17 shown in drawing 45 , and the address AO thru/or 

An are supplied, and an address decoder 80-31 decodes the write-in address AO thru/or An in an address 

decoder 80-3 1 , and siijpplies a 1 -bit signal each to it as each memory cell DO thru/or a write-in signal 

over Dn. Thereby, the predetermined data (DATA) from a comparator circuit 80-14 is memorized by the 

predetermined memory cell. 

[0261] Thus, after all the memory cells DO thru/or the writing to Dn are completed, the data memorized 

by all the memory cells DO thru/or Dn is outputted to coincidence in the synthetic circuit 80-2. 

Therefore, reading appearance of all the data will be carried out at this time. 

[0262] As compared with the conventional technology (for example, technology indicated by the 

If fffm™ of^hoye=mentioned WnnH), that timing chart is shown like drawing 48 in this read-out timing. 

Drawing 48 (b) is a method in a regenerative circuit 80-80, if write-in enabling to RAM 80-18 becomes 

active, decoding of ID portion will be performed, after the writing of all data is completed, read-out 

enabling from RAM 80-18 becomes active, it shifts to a data area, and reading appearance of all the data 

is carried out to coincidence. 

[0263] After writing ends this as compared with the conventional example shown in drawing 48 (a), a 
time delay until it finishes reading data from RAM 80-18 can be reduced sharply. In addition, it is easily 
realizable with the configuration of inputting a write-in control signal synchronizing with a clock, for 
. example, using a 1-bit flip-flop as a memory cell DO thru/or Dn. 

[0264] therefore, decision whether if such a regenerative circuit 80-80 is applied to portions, such as ID 
record section 20-41 H, a sector number, a track number, etc. will be desired things - base — it can 
process, without establishing most crevices between access processings (gap) in a part for ED portion 
and data division, since it can carry out now quickly. 

[0265] For example, since a sector number, a track number, etc. are about several [ at most ] bytes, you 
may make it output all bits at once, they are at most several 10 bits, and are the range of practical use 
enough. 

[0266] Moreover, all bits are not read from RAM 80-18 at once, for example, 8 bits is put together and 
you may make it read them. If it is made such, time amount after read-out from RAM 80-18 starts until 
it finishes reading can be set to one eighth, and the same effect as an above-mentioned case can be 
acquired also by this method. 

[0267] By the way, the error detecting codes for the improvement in reliability (for example, a CRC 
(Cyclic Redundancy Check) sign etc.) are made by the sector number and the track number as [ add / 
usually]. 

[0268] That is, it is a formula as generating-polynomial [ of a CRC sign ] G (x). G(x) 
=xl6+xl2+x5+l ...(80-1) 

When it ******, the division of the data for every predetermined bit length BL is done by generating- 
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polynomial G(x) =xl6+xl2+x5+l, and the remainder is added in the end of data (for example, sector ID 
etc.). 

[0269] Then, in the shift register arithmetic circuit 80-3 of the regenerative circuit 80-80 of drawing 45 , 
using the updating instruction (UPDATE) and output data (DATA) from the change over signal 
(even/odd -1) from the change over circuit 80-1, and the processing circuit 80-10, and the .updating 
instruction (UPDATE) and output data (DATA) from the processing circuit 80-20, if data is decoded 
(Viterbi decoding) simultaneously, it is made as [ perform / a CRC operation j. 

[0270] To UPDATE and DATA which are hereafter outputted here from the comparator circuit 80-14 of 
the processing circuit 80-10 which processes an even number train sample In order that they may show 
that it is a signal corresponding to an even number train sample, while attaching and describing _even in 
the last of each character string To UPDATE and DATA which are.outputted from the comparator 
circuit (circuit corresponding to the comparator circuit 80-14 of the processing circuit 80-10) of the 
processing circuit 80-20 which processes an odd number train sample In order that they may show that it 
is a signal corresponding to an odd number train sample, _odd is attached and described in the last of 
each character string. 

[0271] When the highest degree of the generating polynomial in a CRC operation is set to J, namely, the 
shift register arithmetic circuit 80-3 As shown in drawing 49 , between J+2 flip-flop Da-1 thru/or DaJ, 
Db-1 or DbJ, Dc-1, DcJ or Dd-1 thru/or DdJ(s) by which vertical connection was made It is constituted 
as the parallel roads / a serial shift register by which four serial shift registers of a thru/or d sequence 
which connected j+1 selector SaO SaJ and SbO SbJ and ScO ScJ or SdO thru/or SdJ, respectively were 
connected to parallel. 

[0272] Flip-flop Da-1 thru/or DaJ, Db-1 or DbJ, Dc-1 or DcJ and Dd-1 thru/or DdJ are the timing to 
which the clock which is not illustrated is supplied, and latches the data inputted. A selector SaO SaJ and 
SbO SbJ and ScO ScJ or SdO thru/or SdJ The change over signal from the change over circuit 80-1 
(even/odd -1 (in drawing 49 )) A bar (-) is attached and shown in odd. UPDATEeven from a certain 
processing circuit 80-10, nATA_fiVfin, And based nn ITPDATF_odd from the processing circuit 8Q-2Q. 
and DATA_odd, one is chosen and outputted from from among three signals inputted. 
[0273] Here, the generating polynomial in a CRC operation is set to G (x) shown in the above- 
mentioned formula (80-1) in this example. Therefore, J is set to 16. 

[0274] Furthermore, it sets to this shift register arithmetic circuit 80-3. Between flip-flops DaO, DbO, 
DcO, or DdO and selectors Sal, Sbl, Scl, or Sdl XOR gate 80-41a thru/or 80 to 41 d between flip-flops 
Da5, Db5, Dc5, or Dd5 and selectors Sa6, Sb6, Sc6, or Sd6 XOR gate 80-42a thru/or 80 to 42 d between 
flip-flops Dal2, Dbl2, Dcl2, or Ddl2 and selectors Sal3, Sbl3, Scl3, or Sdl3 the XOR gate (not 
. shown) is prepared, respectively and the output of flip-flops Dal6, Dbl6, Dcl6, or Ddl6 is inputted into 
XOR gate 80-4 la thru/or 80 to 41 d, respectively (fed back) — it is made like. 
[0275] Moreover, in this shift register arithmetic circuit 80-3, while the output of XOR gate 80-41a 
thru/or 80 to 41 d is made as [ input / into XOR gate 80-42a thru/or 80 to 42 d /, respectively ], it is 
made as [ input / into the XOR gate between flip-flops Dal2, Dbl2 Dcl2, or Ddl2 and selectors Sal3, 
SM3, Scl3, or Sdl3 /, respectively ]. 

[0276] Therefore, each of four serial shift registers of a thru/or d sequence of the shift register arithmetic 
circuit 80-3 have the same composition as two flip-flops and the thing which prepared one selector at the 
preceding paragraph while preparing a selector in the CRC decoding circuit (not shown) which performs 
the CRC operation corresponding to the generating polynomial of a formula (80-1). 
[0277] That is, when each of four serial shift registers of a thru/or d sequence of the shift register 
arithmetic circuit 80-3 are observed, in each serial shift register, the CRC operation based on generating- 
polynomial G (x) shown by the formula (80-1) will be performed. 

[0278] Moreover, when the circuit which removed all the XOR gates is considered from the shift 
register arithmetic circuit 80-3, compounding an even number train sample and an odd number train 
sample based on UPDATE_even from the processing circuit 80-10, DATA_even and UPDATE_odd 
from the processing circuit 80-20, and DATA_odd, the circuit chooses the sequence of the serial shift 
register to survive, namely, chooses pass, and turns into a circuit which carries out Viterbi decoding of 
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the data. 

[0279] That is, from the shift register arithmetic circuit 80-3, one by one, Viterbi decoding of the 
reproduced data will be carried out, and it will be outputted in the circuit which removed all the XOR 
gates (in the order of a sample). 

[0280] According to an above-mentioned table 2 and an above-mentioned table 3, a change over signal 
(even/odd -1) is first inputted further into the shift register arithmetic circuit 80-3 constituted as 
mentioned above for UPDATE_even from the processing circuit 80-10 or 80-20, DATA_even or 
UPDATE_odd, and DATAodd from the change over circuit 80-1 in, the shift register arithmetic circuit 
80-3, respectively. 

[0281] And when the change over signal (even/odd -1) from the change over circuit 80-1 is logic 1, 
processing is performed based on UPDATE_even and DATA_even from the processing circuit 80-10 
(when it is H level), When the change over signal (even/odd -1) from the change over circuit 80-1 is 
logic 0, processing is performed again based on UPDATE_odd and DATAodd from the processing 
circuit 80-20 (when it is L level). 

[0282] That is, in the shift register arithmetic circuit 80-3, it is the signal generation circuit which is not 
illustrated probably,, and four signals (input a, input_b, input_c, input_d) shown by the degree type are 
generated by UPDATE_even from the change over signal (even/odd -.1) from the change over circuit 80- 
1, and the processing circuit 80-10 and DATAeven, and the list from UPDATEodd from the 
processing circuit 80-20, and DATAodd. 
[0283] . 

input_a=(even/odd-l=l) *UPDATE_even+(even/odd r l=0) *UPDATE_odd input_b=(even/odd-l=l) 
*UPDATE_even input_c=(even/odd-l=0) *UPDATE_odd input_d=0, however * mean an AND and + 
means an OR. Furthermore, (even/odd- 1=1) will become logic 1 if even/odd -1 is logic 1 (at the time of 
the timing of an even number train sample), and if even/odd -1 is logic 0 (at the time of the timing of an 
odd number train sample), it will become logic 0. Moreover, (even/odd- 1=0) will become logic 0 if 

e^en/odd -1 is logic 1 , and if even/odd -1 is logic 0, it will become logic 1. . 

[0284] Therefore, input_b serves as the same value as UPDATE (UPDATEeven) outputted from the 
effective processing circuit 80-10 only in the timing of an even iliimber train sample, and input_c serves 
as the same value as UPDATE (UPDATE odd) outputted from the effective processing circuit 80-20 
only in the timing of an odd number train sample. Furthermore, in the timing of an even number train 
sample, input_a serves as the same value as UPDATE (UPD ATE_even) outputted from the processing 
circuit 80-10, and serves as the same value as UPDATE (UPDATE_odd) outputted from the processing 
circuit 80-20 in the timing of an odd number train sample. input_d is always set to 0. 
[0285] Four signal input_a, input_b, input_c, or input_d is inputted into flip-flop Da-1 of the first rank 
of the shift register arithmetic circuit 80-3 ( drawing 49 ) thru/or Dd-1, respectively. 
[0286] input_a, input_b and input_c which were inputted into flip-flop Da-1 thru/or Dd-1, respectively, 
or input_d is the timing of a clock, and a sequential latch is carried out through a selector at the flip-flop 
of the next step. 

[0287] Here, in Selectors Saj, Sbj, Scj, or Sdj (j= 0, 1, J (it is J= 16 as mentioned above in this 
example)), it is a signal from the preceding paragraph, and when the signal from the shift register of a 
sequence thru/or d sequence is made into in_a, in_b, in_c, or ind, respectively, signal out_a, out_b and 
out_c according to a degree type, or out_d is outputted, respectively. 
[0288] 

out _ a = *(even/odd-l=l) (UPD ATEe ven= 1 ) *(DATA_even=0) *in_c + even/odd-l=l* 

(UPDATE_even=l ) (* (DATA_even=0))-l*in_a + even/odd- 1=0* (UPD ATE_odd=l) *(DATA_odd=0) 

*in_b +(even/odd-l=0) *(UPDATE_odd=l) (* (DATA_odd=0))-l*in_a [0289] 

ou t_b= *(even/odd-l=l) (UPDATE_even=l) *(DATA_even=0) *in_d+(even/odd-l=l) * 

(UPDATE_even=l) (* (DATA_even=0))-l*in_b + even/odd- 1=0* (UPD ATE_odd=l) *(DATA_odd=l) 

*in_a+(even/odd-l=0) *(UPDATE_odd=l) (* (DATA_odd=l))-l*in_b [0290] 

out_c= *(even/odd-l=l) (UPD ATE_even= 1 ) *(D AT A_even= 1 ) *in_a + even/odd-l=l* 

(UPDATE jsven=l) (* (DATA_even=l))-l*in_c + even/odd- 1=0* (UPD ATE_odd=l) *(DATA_odd=0) 
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*in d +(even/odd-l=0) *(UPDATE_odd=l) (* (DATA_odd=0))-l*in_c [0291] 

oufd= *(even/odd-l=l) (UPD ATE_even=l ) *(DATA_even=l) *in_b + even/odd-l=l* , 

(UPD ATE_even= 1 ) (* (DATA_even=l))-l*ind + even/odd- l=0*(UPDATE_odd=l) *(t)ATA_odd=l) 

*in_c +(even/odd-l=0) *(UPDATE_odd=l) (* (DATA_odd=l))-l*in_d [0292] In addition, Q-l means 

the negation in (). That is, ()-l will become logic 0 if the logic in () is 1, and if the logic in-Q is 0, it will 

become logic 1 . 

[0293] From a top type, in this shift register arithmetic circuit 80-3, the sequence (right pass) of the 
serial shift, register survived from UPDATE_odd from the processing circuit 80-20 and DATA_odd is 
chosen, the data latched to the flip-flop of the serial shift register of the selected sequence will be copied 
to the flip-flop of the serial shift register of other sequences, and Viterbi decoding will be carried out to , 
UPDATE_even from the processing circuit 80-10 and DATA_even, and a list. 
[0294] XOR of the flip-flop Dal 6 of the last stage of the serial shift register of a sequence thru/or d 
sequence thru/or the output of Ddl6, and the output of a flip-flop DaO tl>ru/or DdO is taken by XOR gate 
80-41 a thru/or 80 to 41 d, and is inputted into coincidence in this shift register arithmetic circuit 80-3 at 
a selector Sal thru/or Sdl, respectively. 

[0295] Furthermore, the output of XOR gate 80-41a thru/or 80 to 41 d While the flip-flop Da5 of the 
serial shift register of a sequence thru/or d sequence thru/or XOR with the output of Dd5 are taken by 
XOR gate 80-42a thru/or 80 to 42 d and is inputted into a selector Sa6 thru/or Sd6, respectively the flip- 
flop Dal 2 which the serial shift register of a sequence thru/or d sequence does not illustrate thru/or XOR 
with the output of Dd l 2 - the flip-flop Dal2 - or - ** ~ It is taken by the XOR gate prepared between 
the selector Sal 3 which is not illustrated thru/or Sdl 3, respectively, and is inputted into a selector Sal 3 
thru/or Sdl 3, respectively. 

[0296] Therefore, in this shift register arithmetic circuit 80-3, the CRC operation based on the 
generating polynomial shown by the formula (80-1) will be performed. 

[0297] . By the way, in order to carry out Viterbi decoding of the partial response (1, 0, -1), the 2-bit sign 
for canyinft-out termination of the trellis diagram (it being hereafter indicated as a trellis) tn the end of a 
block (bit string of the batch to decode) of the data (bit string) to decode is needed. As this 2-bit sign, it 
is a sign in front of PURIKODO, and, generally 1 1 is added to the end of a block. 
[0298] The 2-bit sign for carrying out termination of this trellis For performing a CRC operation, are 
[therefore ] unnecessary. In the shift register arithmetic circuit 80-3 Flip-flop Da-1 thru/or Dd-1 of the 
serial shift register of a sequence thru/or d sequence, the 2-bit data corresponding to the sign (1 1) for 
carrying out termination of the trellis added to the end of a block of data When latched to DaO thru/or 
DdO, respectively, the CRC result of an operation is evaluated based on 16 bits latched to either a flip- 
. flop Dal Dal6 and Dbl Dbl6 and Del Dcl6 and Ddl thru/or Ddl6. 

[0299] That is, evaluation that there was no error in data when all of 16 bits latched to a flip-flop Dal 
Dal6 and Dbl Dbl6 and Del Dcl6 and Ddl or thru/or Dd(s)16 were 0 is made to the CRC result of an 
operation, and when one of bits is not 0 among the 16 bits, evaluation that the error was in data is made 
to the CRC result of an operation. [ thru/or ] [ thru/or ] 

[0300] As mentioned above, it sets to the shift register arithmetic circuit 80-3 . Between the flip-flops 
which constitute the serial shift register of each sequence which performs a Viterbi decoding method 
and by which vertical connection was made Since the XOR gate which computes the exclusive OR of 
the outputs of the flip-flop was arranged so that a CRC operation might be performed When the Jth 
is used as a generating polynomial of a CRC sign, the bit of the last of a block of the data from the 
magnetic-disk section 10-2 can obtain the CRC result of an operation within J-l clock, after being 
inputted into the regenerative circuit 80-80 of drawing 45 . 

[0301] That is, since Viterbi decoding and a CRC operation are performed to coincidence as shown in 
drawing 50 (b), a time lag required for decode and error detection of data can be decreased sharply. 
[0302] Therefore, after carrying out Viterbi decoding of the data, when performing a CRC operation like 
the conventional method shown in drawing 50 (a), it compares, the gap between parts for ID portion of a 
magnetic disk, and data division (for example, the distance between ID record section 20-41H and data 
storage area 20-41D of drawing 2 --) Or distance between Gray code 20-71 and ID record section 20- 
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41H can be made small, and large capacity-ization of a magnetic disk can be attained. 
[0303] In addition, in explanation of the above shift register arithmetic circuit 80-3, although what is 
shown in the generating polynomial of CRC by the formula (80-1) was used, it is not restricted to this 
and what is shown by other formulas can be used. In this case, what is necessary is to change the 
and the insertion point of XOR and just to constitute the shift register arithmetic circuit 80-3 while 
fluctuating the number of stages of a flip-flop corresponding to the generating polynomial to be used. 
[0304] Furthermore, the above regenerative circuit 80-80 can be applied not only decoding of ID portion 
but when decoding the data (data currently recorded on data storage area 20-4 ID of drawing 2 ) of a 
data area. 

[0305] Next, the point about the Records Department 10-9 of drawing 1 is explained. 

[0306] Drawing 51 is the block diagram showing the example of a configuration of the whole magnetic 

disk drive. The clock mark for clock generation records data on the magnetic disk 90-1 (formatted as 

shown in drawing 2 ) recorded beforehand, and this magnetic disk drive is the so-called magnetic disk 

drive of the external synchronization method (sample servo system) which reproduces the data currently. 

recorded. 

[0307] And reproducing-head 90-1 1 a for this magnetic disk drive to reproduce data from a magnetic 
disk 90- 1 , The playback amplifier 90- 1 2 which amplifies the regenerative signal reproduced by 
reproducing-head 90-1 la, The clock generation circuit 90-13 which generates aclock based on the , 
regenerative signal equivalent to the clock mark of the magnetic disk 90-1 amplified with the playback 
amplifier 90- 12,, It has the data demodulator circuit 90-14 which reproduces data etc. from the 
regenerative signal from the playback amplifier 90-12 using the clock from the clock generation circuit 
90-13. • .. ' 

[0308] Moreover, while carrying out counting of the clock from the clock generation circuit 90-13 and 
controlling the clock generation circuit 90- 1 3 Data inputted as the timing generating circuit 90- 1 5 which 
outputs the change over signal which switches a recording mode and a playback mode (in drawing 1 ) 
th e record s ignal inputted into the Records D epartm ent 10-9 - corresponding - following sour c e da t a^=— 
saying - with the record data generating circuit 90-16 changed into the data (henceforth record data) 
suitable for record It has the pulse delay circuit 90-30 delayed in'the record data from the record data 
generating circuit 90-16. Recording head 90-1 lb for recording the record data furthermore delayed in 
the pulse delay circuit 90-30 on a magnetic disk 90-1, The record amplifier 90-18 which supplies the 
current based on the record data delayed in the pulse delay circuit 90-30 to recording head 90-1 lb, It has 
the time delay control circuit 90-20 which controls the amount of delay of the pulse delay circuit 90-30 
based on the location (henceforth head positional information) in the direction of the diameter of a disk 
of recording head 90-1 lb from the data demodulator circuit 90-14. 

[0309] As explained with reference to drawing 17 and drawing 18 , reproducing-head 90-1 la In order to 
attain high density record, it consists of the so-called magneto-resistive effect form arm head (MR head). 
Recording head 90- lib consists of the usual magnetic head, in the transit direction, only distance L 
leaves reproducing-head 90-1 1 a and recording head 90-1 lb, and they are arranged. Such reproducing- 
head 90-1 la and recording head 90. J lb constitute the so-called arm head 90-1 1 of a record playback 
discrete type. 

[03 10] On the other hand, with a spindle motor (100-21 of drawing 59 ), a fixed angular velocity To the 
magnetic disk 90-1 by which a rotation drive is carried out by (however, the so-called zone bit recording 
to which a clock frequency is changed for every zone) As shown in drawing 52 (a), between data 
segment 90-2 (data storage area 20-41D of drawing 2 ) which is the field which records the data of the 
recording track formed in the shape of a concentric circle For example, by removing a magnetic layer in 
part using technique, such as etching, the clock mark 90-3 (20-1 1 of drawing 2 ) which followed the 
radial for clock generation is formed beforehand. And direct-current magnetization is carried out in the 
one direction, and these clock marks 90-3 are formed 100-1000 divisors per round (the example 
mentioned above 840 places), in order to generate the clock of high degree of accuracy. 
[031 1] And reproducing-head 90-1 la outputs the regenerative signal equivalent to the clock mark 90-3, 
and supplies these regenerative signals to the clock generation circuit 90-13 and the data demodulator 
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circuit 90-14 through the playback amplifier 90-12 while it outputs the regenerative signal equivalent to 
the data currently recorded on the data segment 90-2. 

[0312] The clock generation circuit 90-13 has the PLL circuit 50-30 explained with reference to drawing 
21 , and generates a clock based on the regenerative signal equivalent to the clock mark 90-3. ( 
[0313] That is, if the clock mark 90-3 which carried out direct-current magnetization is reproduced to an 
one direction (right shown by the arrow head among drawing) as shown, for example in drawing 52 (a), t 
as shown, for example in drawing 52 (b), the regenerative signal which has a solitary-wave form 'with 
the edge before and after the clock mark 90-3 will be reproduced. The timing generating circuit 90-15 
carries out counting of the clock supplied from the clock generation circuit 90-13, predicts the apparition 
of the regenerative signal which is equivalent to the clock mark 90-3 based on the past hysteresis, and as 
shown, for example in drawing 52 (d), it generates the change over signal which switches a recording 
mode and a playback mode, while it supplies the clock gate signal which shows this period to the clock 
generation circuit 90-13. 

[0314] As it considers that the solitary- wave form where it appears within the period out of which the 
clock gate signal has come is the clock mark of normal, for example, is shown in drawing 52 (c), the 
clock generation circuit 90-13 updates the phase of PLL so that the standup of a clock may synchronize 
with the peak of the solitary-wave form corresponding to a front edge, and generates the clock which 
carried out phase simulation to the clock mark 90-3 . 

[03 1 5] And the data demodulator circuit 90-14 is the standup time of day (henceforth an existing [ data ] 
point phase) of the clock generated in the clock generation circuit 90-13 at the time of a playback mode. 
It sets, and discriminates from a regenerative signal (sampling level), and data is reproduced by getting 
over (it being Viterbi decoding as explained with reference to drawing 44 thru/or drawing 50 ). 
Moreover, this data demodulator circuit 90-14 reproduces the head positional information (for example, 
Gray code 20-71 of drawing 2 , a track number 20-41M, 20-41b2, etc.) in the direction of the diameter 
of a disk of an arm head 90-1 1 based on a regenerative signal, and supplies this head positional 

information to the 4i me d e l a y co ntr ol ci r c u i t 9Q- 2 Q . — — — — ^— 

[03 16] On the other hand, in a recording mode, the record data generating circuit 90-16 changes source 
data into the record data which synchronized with the clock generated in the clock generation circuit 90- 
13 by the predetermined modulation (it mentioned above like PR modulation) suitable for record, and 
supplies the record data which synchronized with this clock to the pulse delay circuit 90-30 and the time 
delay control circuit 90-20. 

[0317] The pulse delay circuit 90-30 on the basis of control of the time delay control circuit 90-20 While 
compensating the phase shift of the data recorded on the data segment 90-2 resulting from the distance L 
. in the transit direction of reproducing-head 90-1 la and recording head 90-1 lb so that it may mention 
later Record data is delayed so that a location gap (it is hereafter indicated as a nonlinear bit shift) of the 
flux reversal resulting from the pattern of record data may be compensated. The record amplifier 90-18 
This delayed record data is amplified and the current based on record data is supplied to recording head 
90-1 lb. 

[0318] Specifically the time delay control circuit 90-20 For example, the adder 90-21 which adds a 
constant C3 to head positional information (track number) from the data demodulator circuit 90-14 as 
shown in drawing 53 , The multiplier 90-22 which carries out the multiplication of the constant C2 to 
the output of an adder 90-21, Delay machine 90-23a and 90-23b which are delayed by one clock, 
respectively in the record data from the record data generating circuit 90-16 and by which cascade 
connection was carried out, Exclusive "or" circuit (it is indicated as Following EXOR) 90-24a which 
calculates the exclusive OR of the record data from the record data generating circuit 90-16, and the 
record data delayed by delay machine 90-23a, EXOR90-24b which calculates the exclusive OR of the 
record data delayed by delay machine 90-23a, and the record data delayed by delay machine 90-23b, 
AND circuit 90-25 which calculates the AND of the output of EXOR90-24a, and the output of 
EXOR90-24b (it is indicated as Following AND), It consists of a change-over switch 90-26 which 
makes switch selection of a constant CI and the constant 0 based on the output of AND 90-25, and an 
adder 90-27 adding the output of a change-over switch 90-26, and the output of a multiplier 90-22. 
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[0319] And this time delay control circuit 90-20 calculates the time difference between an existing 
[ data ] point phase and the time of day which should actually reverse record current based on the pattern • 
of the head positional information supplied from the data demodulator circuit 90-14, and record data, 
and outputs a time delay indication signal. 

[0320] That is, if an arm head 90-1 1 sets head positional information supplied from the data 
demodulator circuit 90-14 to track number N which carries out the current position, an adder 90-21 will 
add track number N and a constant C3 (the distance from a disk cent.er to the most inner track is 
supported), and a multiplier 90-22 will carry out the multiplication of the constant C2 to this aggregate 
value. Consequently, from a multiplier 90-22, it is outputted as a time delay Tl which compensates the 
phase shift of the data with which the value which is proportional to distance (N+C3) from the disk 
center' of an arm head 90-1 1 originates in the distance L in the transit direction of reproducing-head 90- 
1 la and recording head 90-1 lb by the operation shown in the following (90-1) formula. 

[0321] ~ ' 

Tl=(N+C3)xC2...(90-l) 

[0322] In addition, constants C2 and C3 are values with which are satisfied of Tl=L/v, when speed in 
case an arm head 90-1 1 is located in the truck of a number N is set to v. If it puts in another way, Tl is 
equal to the time amount to which a magnetic disk moves only distance'L. 

[0323] On the other hand, delay machine 90-23a and 90-23b are delayed by one clock in record data, 
respectively, EXOR90-24a and 90-24b search for the 2-bit exclusive OR adjoined of the triplets which 
record data follows, respectively, and AND 90-25 searches for the" AND of each output of EXOR90-24a 
and 90-24b. Consequently, the pattern with which a nonlinear bit shift (the length of a magnetization 
field stops being proportional to the supply time amount of drive current) tends to happen from AND 
90-25, Namely, when record data has the pattern (010 or 101) with which 2 bits of flux reversal continue 
continuously (the condition that different logic (1 or 0) adjoins continues continuously twice), For 
example, the continuation flux reversal detecting signal used as H level is outputted, and when it is 

-oth e r s , the s ignal of L l e vel is ou t putt e d . : — — — 

[0324] And a change-over switch 90-26 supplies the constant which chose the constant C 1 , and chose 
and chose the constant 0 at the time of L level to an adder 90-27 'based on this continuation flux reversal 
detecting signal at the time of H level. Consequently, from a change-over switch 90-26, a constant CI is 
outputted as a time delay T2 which compensates a nonlinear bit shift to the pattern which produces flux 
reversal continuously, i.e., the pattern which a nonlinear bit shift generates, (as mentioned above here 
010 a certain** 101). 

[0325] An adder 90-27 adds a time delay Tl and a time delay T2, and supplies them to the pulse delay 
circuit 90-30 by making this aggregate value (T1+T2) into a time delay indication signal. 
[0326] As the time delay has become controllable from the exterior, for example, the pulse delay circuit 
90-30 is shown in drawing 52 (h) While only the time amount (T1+T2) directed with the time delay 
indication signal supplied from the time delay control circuit 90-20 is delayed in the record data 
( drawing 52 (g)) supplied from the record data generating circuit 90-16 For example, as shown in 
drawing 52 (f), the change over signal ( drawing 52 (d)) supplied from the timing generating circuit 90- 
15 is delayed, and a write enable signal (low active signal) is generated. 

[0327] As the pulse delay circuit 90-30 is shown in drawing 54 , specifically The adjustable delay circuit 
90-31 which has the time delay of a length of one or less clock, The time delay indication signal from 
the sequential circuit 90-32 which has the time delay of 1 clock unit, and the time delay control circuit 
90-20 The time delay of 1 clock unit, It divides into the time delay of the fraction which remains, and 
consists of time delay distribution circuits 33 supplied to a sequential circuit 90-32 and the adjustable 
delay circuit 90-3 1 , respectively. 

[0328] And the time delay distribution circuit 33 divides the time delay indication signal supplied from 
the time delay control circuit 90-20 into the time delay of 1 clock unit, and the time delay of the fraction 
which remains, supplies the time delay of 1 clock unit to a sequential circuit 90-32, and supplies a 
fractional time delay to the adjustable delay circuit 90-3 1 . 

[0329] A sequential circuit 90-32 is a delay circuit which operates synchronizing with a clock, and 
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builds in counting circuit 90-32a which carries out counting of the clock to the interior. When this 
counting circuit 90-32a carries out counting of the time delay part clock of 1 clock unit, only the time 
delay of 1 clock unit generates the middle output of the write enable signal with which timing shifted, 
and record data based on a change over signal and record data. 

[0330] On the other hand, the adjustable delay circuit 90-3 1 performs delay within 1 clock time amount 
according to directions of a fractional time delay, adds still more precise delay to the middle output of 
record data, and outputs the record data after delay. 

[0331] And this pulse delay circuit 90-30 supplies a write enable signal and the record data after delay to 
the record amplifier 90-18. That is, a circuit scale is large by considering as such a configuration, and 
power consumption can be reduced while making the whole circuit scale small, since the number of the , 
adjustable delay circuits 90-3 1 where a high time amount precision is demanded is one, and it ends and 
the maximum time delay should just have the length for one clock. 1 •'. 

[0332] The record amplifier 90-18 controls energization/cutoff of record current according to th6 write 
enable signal supplied from the pulse delay circuit 90-30, and reverses record current according to the 
record data delayed in the pulse delay circuit 90-30. 

[0333] In this way, the change over signal outputted from the timing generating circuit 90-15 and the 
record data outputted from the record data generating circuit 90-16 synchronize with the clock ( drawing 
52 (c)) generated in the clock generation circuit 90-13, as shown in above-mentioned drawing 52 (d) and 
this drawing (g). That is, these signals support the location on data segment 90-2 seen from reproducing- 
head 90-1 la, as shown in above-mentioned drawing 52 (a). 

[0334] By the way;, if relative velocity of an arm head 90-1 1 and a disk is set to v, time difference 
Tl=L/v exists between the data segment 90-2 seen from reproducing-head 90-1 la shown in drawing 52 
(a), and the data segment 90-2 seen from recording head 90-1 lb as shown in drawing 52 (e). As shown 
in above-mentioned drawing 52 (f) and this drawing (h), while the pulse delay circuit 90-30 generates 
the write enable signal corresponding to the location on data segment 90-2 as which only this time 
difference Tl was delayed, and regarded a change over signal and record data from recording head 90- 
1 lb, and the record data after delay, respectively, to record data, only time amount T2 which 
compensates an above-mentioned nonlinear bit shift is delayed further. 

[0335] Consequently, while compensating the phase shift of the data recorded on the data segment 90-2 
resulting from the distance L in the transit direction of reproducing-head 90-1 la and recording head 90- 
1 lb, a location gap (nonlinear bit shift) of the flux reversal resulting from the pattern of record data can 
be compensated, and data can be recorded on the right location on a data segment 90-2. 
[0336] If it puts in another way, by controlling energization initiation of record current, end time, and 
reversal time of day of record current by the pulse delay circuit 90-30, it cannot be based on the pattern 
of the location in the direction of the diameter of a disk of an arm head 90-1 1, or data, but data can be 
recorded on the right location on a data segment 90-2. Therefore, standup time of day of the clock 
generated in the playback mode in the clock generation circuit 90-13 (existing [ data ] point phase) By 
setting and discriminating from a regenerative signal, the regenerative signal will be referred to in the 
data's currently recorded on data segment 90-'s2 existence location, and errorless data playback can be 
performed. 

[0337] Next, other concrete circuitry of the time delay control circuit 90-20 shown in drawing 5 1 is 
explained with reference to drawing 55 . Delay machine 90-4 la and 90-4 lb for which the time delay 
control circuit 90-20 of drawing 55 is delayed by one clock, respectively in the record data from the 
record data generating circuit 90-16 and by which cascade connection was carried out, Head positional 
information from the record data delayed by delay machine 90-4 la and 90-4 lb and the data demodulator 
circuit 90-14 is made into the read-out address, and a time delay (T1+T2) consists of memory 90-42 
memorized beforehand. 

[0338] And the record data delayed by delay machine 90-4 la and 90-4 lb is supplied to memory 90-42 
as the 1 1 -bit read-out address with the track number which consists of 8 bits. 

[0339] Memory 90-42 has memorized the time delay according to a track number and the combination 
of the pattern of data, and outputs a time delay indication signal according to the read-out address. 
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[0340] That is, in memory 90-42, about a track number and all the combination of the pattern of record 
data, by memorizing the fitness time delay, for example [ to the location in the direction of the diameter • 
of a disk of an arm head 90-1 1 J, a nonlinear time delay can be outputted and a fine time delay can be 
controlled. . * 

[0341] Moreover, as a rough.time delay is computed in the time delay control circuit of drawing 53 and 
the remaining top kana timing is performed in the time delay control circuit of drawing 55 combining 
the time delay control circuit shown in this drawing 55 , and the time delay control circuit shown in 
above-mentioned drawing 53 , you may make it reduce the capacity of memory 90-42. 
[0342] Next, as shown in the magnetic disk 90-1 of drawing 51 at drawing 56 Between the data 
segments 90-52 which are the fields which record the data of the recording track formed in the shape of 
a concentric circle, for example, by removing a magnetic layer in part using technique, such as etching 
The clock mark 90-53 (clock mark 20-1 1 of drawing 2 ) which followed the radial for clock generation, 
Reproducing-head 90-1 la and the timing compensation pattern 90-54 of width of face equal to the gap L 
of recording head 90-1 lb of predetermined width of face are foiled beforehand. When the direct- 
current magnetization of the clock mark 90-53 and the timing compensation pattern 90-54 is carried out 
in the one direction (direction shown by the arrow head in drawing 58 (a)), the magnetic disk drive of 
drawing 51 The timing measurement circuit 90-60 which measures the time difference Tl mentioned . 
above instead of the time delay control circuit 90-20 can be formed, and as shown in drawing 57 , it can 
constitute. 

[0343] In additipn, explanation is omitted about the circuit shown in drawing 5 1 , and the circuit which 
has the same function. 

[0344] As shown in drawing 58 (c), the timing generating .circuit 90-1 5 generates the timing 
measurement window signal which shows the period when counting of the clock is carried out at and 
reproducing-head 90-1 la is scanning the timing compensation pattern 90-54, and supplies this timing 
measurement window signal to the timing measurement circuit 90-60. 

[0345] As shown in drawing 58 (b) r in the period of H level, a timing measurement window signal ^ 

measures the time amount Tl between the peaks of two solitary-wave forms reproduced with the edge 
before and behind the timing compensation pattern 90-54, and supplies the timing measurement circuit 
90-60 to the pulse delay circuit 90-30 by making time amount Tl into a time delay indication signal. 
[0346] Here, the width of face L of the timing compensation pattern 90-54 is not based on the radius of a 
disk, but since it is fixed, the time difference to which the edge before that and a next edge pass 
reproducing-head 90-1 la is always equal [ the width of face ] to the pass time difference Tl of 
reproducing-head 90- 1 l a and recording head 90- 1 1 b. 

[0347] That is, the time difference between the peaks of the regenerative signal equivalent to the timing 
compensation pattern 90-54 is the time delay Tl which should be supplied to the pulse delay circuit 90- 
30. 

[0348] Therefore, a time delay Tl can be directly found from the timing compensation pattern 90-54 
beforehand formed on the magnetic disk 90-1, the arithmetic circuit of the adder 90-21 shown in 
drawing 53 and multiplier 90-22 grade and the memory 90-42 shown in drawing 55 become 
unnecessary, and the cost of a magnetic disk drive can be reduced. 

[0349] In addition, in fact, although it simplified to the disk radial linearly and each field was shown in 
it at drawing 56 , as shown in drawing 6 and drawing 7 , it is formed along with the rotation locus of the 
magnetic head. 

[0350] As mentioned above, since the phase shift of the data recorded on the magnetic disk 90-1 which 
is delayed in record data based on the regenerative signal equivalent to the timing compensation pattern 
of predetermined width of face, and originates in the distance in the transit direction of reproducing-head 
90-1 la and recording head 90-1 lb was compensated, data playback which can record data now on a 
right location, consequently is errorless can be performed. 

[0351] In addition, record playback not only of the sector number and track number of ID record section 
20-41H of drawing 2 but the original data on data storage area 20-41D can be carried out by PRML as 
mentioned above. 
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[03 52] Next, the point about the housing section 1 0- 1 0 of drawing 1 is explained. 
[0353] The hole 100-2 for attaching a spindle motor 100-21 is formed in the plane section of the bottom 
housing 100-1 (40-51 of drawing 19 ) constituted by the aluminum alloy etc. When a level difference is 
formed in the periphery of this hole 100-2 and a motor 100-21 is attached there, the packing 1,00-3 
which consists of rubber etc. is arranged so that air may not leak from that installation section. . 
Moreover, a shaft 100-4 is implanted in the bottom housing 100-1, and it is made as [ equip / with the 
ball bearing 100-6 (40-55 of drawing 19 ) attached in the arm 100-5 (40-53 of drawing 19 ) ]. 
[0354] It is made by the end of an arm 100-5 as [ attach / a voice coil 100-7 (40-63 of drawing 19 ) is 
attached, and / in the other end / the slider (40-57 of drawing 19 ) which has the magnetic head ]. It is 
made by a coil 100-7 and the magnetic head as [ supply / from a flexible printed circuit board 100-8 / a 
signal ]. IC 100-9 which performs signal processing is arranged at the flexible printed circuit board 100- 
8. Moreover, the edge of a printed circuit board 100-8 is made as [ draw / by the exterior of a housing ] 
so that it may mention later. A magnet 100-1.1 and 100-12 (62 and 61 of drawing 19 ) are attached in the 
bottom housing 100-1 so that a coil 100-7 may be arranged in the meantime. The voice coil motor (50-5 
of drawing 21 ) is constituted by this voice coil 100-9 and magnet 100-1 U100-12. 
[0355] The magnetic disk 23 (40-52 [ of drawing 19 ], 50-1 A [ of drawing 21 ], 50-1B) of two sheets is 
attached in a motor 100-21 free [ rotation ]. The edge is drawn by the exterior of a housing and the 
flexible printed circuit board 100-22 is made as [ supply / from the exterior / to a motor 100-21 / a 
control signal ]. 

[0356] The top housing 100-31 has a step 100-32 and 100-33 in the lateral portion by the side of 
drawing Nakamigi, and is made as [ derive / a flexible printed circuit board 100-8 and the edge of 100- 
22 /, respectively / from this step 100-32 and 100-33 / outside ]. Moreover, the spiracle 100-34 is formed 
in the upper surface (plane section) of the top housing 100-31. Although the filter and the valve are 
attached in that interior and air advances into this spiracle 100-34, water is made as [ pass ]. 
[0357] Drawing 60 and drawing 61 show typically the assembly condition of the bottom housing 100-1 
and the top hou s ing 100 - 31. Although the bottom hou sin g 100 - 1 is constituted by the tabular member as 
shown in these drawings, the top housing 100-31 is formed in box-like of plane section 100-3 l a and 
lateral portion 100-31b. And packing 100-41 is inserted among both, and it is made as [ advance / after 
assembly / near the flexible printed circuit board 100-22 (or flexible printed circuit board 100-8) drawn 
to the exterior of a housing / into the interior of the sealed housing / air ]. 

[0358] That is, in the condition of having been sealed after assembling the bottom housing 100-1 and the 
top housing 100-31, the space inside a housing is intercepted with the exterior, and through the spiracle 
100-34 with which plane section 100-3 la is equipped, air is made as circulation is possible, and it is 
********** Thereby, it is prevented that dust, dust, etc. advance into the interior. Moreover, in order 
that air may go in and out through a spiracle 100-34, an internal atmospheric pressure is adjusted so that 
it may be mostly in agreement with an external atmospheric pressure. 

[0359] The length of the bottom housing 100-1 and the top housing 100-31 is set to 100mm, and width 
of face is set to 70mm. And the height in the condition of having combined both is set to 12.7mm, when 
the. number of magnetic disks 100-23 is two and it is 15.0mm and one sheet. 

[0360] In addition, although the bottom housing 100-1 was constituted in tabular in this example and the 
top housing 100-31 was formed in box-like, as shown in drawing 62 and drawing 63 , it is also possible 
to form the bottom housing 100-1 in box-like by plane section 100- la and lateral portion 100- lb, and to 
form the top housing 100-31 in tabular (plane section 100-31c). 

[0361] The feature of the housing shown in these drawings is in the point that the hole is not formed in 
plane section 100-3 la other than spiracle 100-34. In order to make this feature easier to understand, the 
configuration of the former top housing 100-31 is shown in drawing 64 . As shown in this drawing, the 
hole 100-51,100-52 and the crevice 100-53 are formed in the former top housing 100-31. Although a 
crevice 100-53 is a hollow for sticking a label, a hole 100-51 is a hole for inserting the arm head for 
servo lights. 

[0362] That is, in the conventional magnetic disk drive, if servo signals, such as an encoder, are 
recorded before building a magnetic disk into a housing, it will originate in deformation or an 
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installation error by the pressure at the time of an assembly etc., eccentricity will occur, and the record 
location of the position signal in the condition of having recorded the servo signal will not necessarily 
correspond correctly with the location in the case of actually recording data. It becomes impossible for 
this reason, to apply an exact servo. Then, after building a magnetic disk into a housing, he is trying to 
record a servo signal on a magnetic disk in conventional equipment. 

[0363] That is, in order to record a servo signal on the magnetic disk built into the housing, the magnetic 
head for record (arm head for servo lights) is inserted from a hole 1 00-5 1 . And a servo signal is recorded 
on a magnetic disk by the arm head. 

[0364] Moreover, a mirror is irradiated from a hole 100-52 at the arm included in the interior of a 
housing, the laser beam of a laser length measuring machine is irradiated at installation and this mirror* 
and that' location is measured to a precision. And the location of art arm is moved to radial [ of a 
magnetic disk ] one by one, measuring the location of an arm correctly with this laser length measuring 
machine. And servo data (encoder) is recorded on a predetermined truck. 

[0365] For example, although servo data is recorded on one truck of the outermost periphery, one fourth , 
of the width-of-face [ every ] servo data of a truck is recorded, the location can be shifted one by one 
every [ 4 / 1/] in the direction perpendicular to a truck, and the servo signal to one truck can be recorded 
by four rotations. Thus, the rotary encoder is recorded on the outermost periphery truck of a magnetic 
disk. 

[0366] Thus, after recording servo data oh a magnetic disk, a hole 100-51 and 100-52 are blockaded by 
the predetermined member, and a housing is sealed. 

[0367] However, as explained with reference to drawing 2 thru/or drawing 8 , stamp formation is carried 
out beforehand and a truck and servo data are recorded on the location physically formed as a record 
section of dedication in distinction from other fields by the magnetic disk of this invention. Therefore, 
the record location (shaping location) can apply the technology which controls minutely the exposure 
location of the laser beam at the time of disk shaping, and can adjust it very correctly. Then, what is 
iiuxaaaiy will bo to tak e into consider a tion only the eccentricity resulting from an installation rnnr in 
this example. 

[0368] According to this example, as explained with reference to drawing 34 and drawing 35 , as an 
offset signal is added to a tracking error signal by feedforward control, it is made also to eccentricity that 
exact control is possible. Consequently, though stamp formation of the clock mark 20-1 1 besides servo 
patterns, such as the home index 100-73, the unique pattern 20-72, Gray code 20-71, wobble DOMAKU 
20-12, and 20-13, sector number 20-41a, a track number 20-41M, 20-41b2, etc. is carried out 
beforehand at the magnetic disk and this is incorporated in a housing afterwards, exact record playback 
is attained. Consequently, in this invention, it is not necessary to form the hole for servo data logging in 

the housing. . 
[0369] Thus, since it is not necessary to make a hole in a housing, mechanical rigidity can be made to 
increase that what is necessary is just to form a housing as the simple box or board of height of 
homogeneity. This becomes possible to a presser foot to position an arm head for mechanical resonance 
to high degree of accuracy to a magnetic disk. 

[0370] Furthermore, about a magnetic disk drive, since the hole has opened conventionally, although the 
yes-no decision had to be tested in the clean room, since there is no hole according to this invention, 
handling [ clean room ] of after assembly becomes unnecessary. 

[0371] In addition, when a spindle motor 100-21 is further made into a thin shape, the hole 100-2 for the 
attachment can be omitted. 

[0372] Since it is such, and according to this equipment manufacture becomes easy and the time amount 

taken to complete one equipment also becomes short, low cost-ization is attained. 

[0373] 

[Effect of the Invention] Since it was made to carry out stamp formation by making a guard band into a 
crevice to the truck like the above according to the magnetic disk drive according to claim 1, it becomes 
unnecessary to make a guard band large for cross talk mitigation, a track pitch is narrowed, and it 
becomes possible to increase storage capacity. Moreover, since it was made to carry out stamp 
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formation of the mark for tracking, a track number distinguishing mark, or the clock mark with 
irregularity along with the rotation locus of the magnetic head, exact access is attained when a track 
pitch is narrowed. 

[0374] Since according to the magnetic disk drive according to claim 2 the variation corresponding to 
the eccentricity of disk-like data medium is measured and record or playback actuation was controlled 
corresponding to the measurement result, the mark for tracking, a track number distinguishing mark, or a 
clock mark becomes record of exact data, or reproducible irrespective of eccentricity also in the " 
magnetic disk drive which incorporated disk-like data medium currently, recorded beforehand to the case 
afterwards. 

[0375] It becomes controllable [ an exact disk-like record medium ], securing storage capacity according, 
to the magnetic disk drive according to claim 3, since the number of the groups of the mark for tracking, 
a track number distinguishing mark, and a clock mark was made or less into 1000 per round. 
[0376] Securing storage capacity, since the rate of occupying to 1 round of a control signal record 
section was made into 40% or less according to the magnetic disk drive according to claim 4, ****** of 
the magnetic head by the mark signal by which stamp formation was carried out is minimized, and it 
becomes possible to carry out record playback of the data correctly. 

[0377] Since according to the magnetic disk drive according to claim 5 resin or glass constituted the 
substrate of disk-like data medium, the lightweight-ized equipment can be realized and profile 
irregularity can be made good, distance of the magnetic head and disk-like data medium is made small, 
and it becomes possible to realize small equipment. 

[0378] According to the magnetic disk drive according to claim 6, since a recording head and the 
reproducing head were separated, it becomes possible to carry out record playback of the data at a high 
speed. 

[0379] Since the 1st mark was formed in the location which shifted from the truck to radial according to 
the magnetic disk drive according to claim 7, even if it separates a recording head and the reproducing 
head, it beoom es po ss ible to carry out tracking rontrnl nf the remrfling hr . arl PfiTTfY i tly fin a tmr . lf at thfi 

time of record. 

[0380] Since two or more marks were prepared, even if one side has a drop out etc. according to the 
magnetic disk drive according to claim 8, it can access on the basis of anothfer side, and safety can be 
raised. 

[0381] According to the magnetic disk drive according to claim 9, since the location variation of the 
mark for tracking or a track number distinguishing mark or the time amount variation of a clock mark 
was detected, it becomes possible to detect the eccentricity of disk-like data medium correctly. 
[0382] Since the eccentric controlled variable which amends the location gap resulting from the 
eccentricity of the magnetic head from the mark for tracking, a track number distinguishing mark, or a 
clock mark was calculated according to the magnetic disk drive according to claim 10, it becomes 
possible to amend the location gap resulting from eccentricity correctly. 

[0383] Positive tracking control becomes possible, without raising the servo gain of the whole tracking 
control, since according to the magnetic disk drive according to claim 1 1 the eccentric controlled 
variable calculated and obtained is memorized and it was made to carry out tracking control of the 
magnetic head corresponding to the memorized eccentric controlled variable. 
[0384] Since according to the magnetic disk drive according to claim 12 time amount variation is 
measured from a clock mark and the time-axis of a clock signal was amended corresponding to this, the 
jitter resulting from eccentricity etc. can be controlled. 

[0385] According to the magnetic disk drive according to claim 13, since it was made to perform Viterbi 
decoding and a CRC operation to coincidence, quick processing of a regenerative signal is attained. 
[0386] According to the magnetic disk drive according to claim 14, since record data was made to be 
delayed corresponding to a playback clock, the phase shift resulting from the distance of the reproducing 
head and a recording head and a nonlinear bit shift can be amended, and record data can be recorded on 
an exact location. 

[0387] According to the magnetic disk drive according to claim 15, since record actuation was 
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controlled corresponding to the location gap, malfunction when an unusual shock etc. is added can be 
controlled. 

[0388] According to the magnetic disk drive according to claim 16, since only the spiracle was prepared 
in the case, the time amount which manufacture takes becomes short and can make cost cheap. 
[0389] According to the magnetic disk drive according to claim 17 to 19, since it was made to make the 
diameter of disk-like data medium into 2.5 inches, 1.8 inches, or 1.3 inches, small arid lightweight 
equipment is realizable. 

[0390] Since according to the manufacture method of a magnetic disk drive according to claim 20 disk- 
like data medium was assembled to the case after stamp-forming the mark for tracking, the track number 
distinguishing mark, and the clock mark and recording them, equipment can be completed quickly and 
cost cdn be made cheap. 



[Translation done.] 
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♦NOTICES* 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

♦ 

1 .This document has been translated by computer; So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 11 It is the block diagram showing the configuration of the whole magnetic disk drive of this 
invention. 

[Drawing 2] It is drawing explaining the format of the servo data storage area of the magnetic disk of 
this invention, and a data storage area. 

[Drawing 3) It is drawing explaining the format of the servo data storage area where the unique pattern 
of the magnetic disk of this invention exists. 

[Drawing 4] It is drawing explaining the format of the servo data storage area where the home index of 
the magnetic disk of this invention exists. . 
[Drawing 5] It is drawing explaining the unique pattern of the magnetic disk of this invention, and the 
format of the servo data storage area where a home index does not exist. 

[Drawing 6] It is drawing explaining the relation of the rotation locus of the magnetic head of the servo 
data storage area of the magnetic disk of this i nvent ion, and a d ata sto rage area_ 



[Drawing 7] It is drawing explaining the configuration of the plane of the servo data storage area ofThe 
magnetic disk of tfiis invention. 

[Drawing 8] It is drawing explaining the cross-section configuration of the magnetic disk of this 
invention. 

[Drawing 9] It is drawing explaining the stamp pattern of the irregularity on the magnetic disk of this 
invention. 

[Drawing 10] It is drawing explaining how to magnetize the magnetic disk which has the irregularity of 
this invention. 

[Drawing 11] It is a cross section explaining the more detailed cross-section configuration of the 
magnetic disk of this invention. 

[Drawing 12] It is a plan explaining the outline of the data storage area of this invention, and a servo 
data storage area. 

[Drawing 13] It is drawing explaining the relation between the slider of this invention, and a magnetic 
disk. 

[Drawing 14] It is drawing explaining change of a flying height [ / near the crevice on the magnetic disk 
of the slider of this invention ] . 

[Drawing 15] It is drawing explaining the rate of the data storage area used for the simulation of slider 
flying-height change of this invention, and a servo data storage area. 

[Drawing 16] It is drawing explaining signs that the flying height of a slider changes the segment period 
of this invention. 

[Drawing 1 7] It is drawing showing the configuration of the transverse plane of the magnetic head of 
this invention. 

[Drawing 1 8] It is a cross section explaining the configuration of the cross section of the magnetic head 
of this invention. 

[Drawing 19] It is a perspective diagram explaining the configuration of the arm of this invention. 
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[Drawing 20] It is a cross section explaining the configuration of the ball bearing of drawing 19 . 
[Drawing 211 It is the block diagram showing the configuration of the circuit Which amends the time- 
base error of the clock signal of this invention. 
[Drawing 22] It is drawing explaining actuation of eccentricity . 

prawing 231 It is property drawing explaining change of the phase of the PLL clock to a disk clock. 
[Drawing 24] It is the block diagram showing the configuration of other circuits which amend the time- 
base error of the clock of this invention. 

[Drawing 251 It is drawing explaining the relation between a clock mark and eccentricity. 

[Drawing 261 It is the block diagram showing the configuration of the eccentricity test section 50-25 of 

drawing 21 . 

[Drawing 271 It is drawing explaining the time interval of a clock mark regenerative signal. 
[Drawing 281 It is drawing explaining change of clock time interval counted value. 
[Drawing 291 It is drawing explaining eccentricity. 

[Drawing 301 It is the block diagram showing other examples of a configuration of the eccentricity test , 
section 50-25 of drawing 21 . 

[Drawing 311 In the example of drawing 30 , it is drawing explaining the time ititerval of a clock mark 
regenerative signal. ' 

[Drawing 32] In the example of drawing 30 , it is drawing explaining change of a clock time interval. 
[Drawing 331 In the example of drawing 30 , it is drawing explaining eccentricity. 
[Drawing 341 It is the block diagram showing the example of a configuration of the tracking servo 
circuit of this invention. 

[Drawing 35] It is drawing explaining the transfer characteristics of the example of drawing 34 . 
[Drawing 361 It is drawing explaining the disturbance oppressicm gain by the closed loop in the example 
of drawing 34 . 

[Drawing 371 It is drawing explaining the appearance disturbance oppression gain in the example of 

- drawmg-34 - — — 

[Drawing 381 It is the block diagram showing the configuration of the circuit which judges the off-track 
of this invention. 

[Drawing 391 It is a flow chart explaining actuation of the example of drawing 38 . . 

[Drawing 401 It is drawing explaining the response waveform at the time of impressing the shock of 

lOGor 100G. 

[Drawing 411 It is the enlarged view of the response waveform immediately after carrying out the seal of 
approval of the shock of 100G. 

[Drawing 42] It is drawing explaining the migration locus of the arm head at the time of impressing the 
shock of 100G. 

[Drawing 43] It is drawing explaining the response waveform at the time of impressing the shock of 
100G with a noise. ' 

[Drawing 441 K * s drawing explaining the condition of the pass in Viterbi decoding. 

[Drawing 451 K is a block diagram explaining the example of a configuration of the Viterbi decoder 

circuit. 

[Drawing 46] It is a timing chart explaining actuation of the example of drawin g 45 . 

[Drawing 47] It is a block diagram explaining the example of a configuration of RAM 80-18 of drawing 

45. 

[Drawing 48] It is a timing chart explaining actuation of the example of drawing 47 . 

[Drawing 49] It is a block diagram explaining the configuration of the circuit in the case of performing 

the Viterbi decoding and the CRC operation of this invention to coincidence. 

[Drawing 50] It is a timing chart explaining actuation of the example of drawing 49 . 

[Drawing 51] It is the block diagram showing the configuration of the record circuit of this invention. 

[Drawing 52] It is a timing chart explaining actuation of the example of drawing 51 . 

[Drawing 53] It is the block diagram showing the configuration of the time delay control circuit 90-20 of 

drawing 51 . 
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[Drawing 541 It is the block diagram showing the configuration of the pulse delay circuit 90-30 of 

. drawing 5 1 . \,< 
[Drawing 551 It is the block diagram showing other examples of a configuration of the time delay 
control circuit 90-20 of drawing 51 . " , 

[Drawing 561 It is drawing showing the record format of the magnetic disk which applied this invention. 

[Drawing 571 It is the block diagram showing the configuration of the record circuit of this invention in 
the cas* of usingthe example of drawing 56 . 

[Drawing 581 It is a timing chart explaining actuation of the example of drawing 57 . 

[Drawing 591 It is the decomposition perspective diagram showing the assembly condition of the case of 

this invention, and internal components. 

[Drawing 601 It is the perspective diagram showing the configuration of the case of this invention. 
[Drawing 611 It is the cross section showing the cross-section configuration of the example of drawing 
60 . 

[Drawing 621 it is the perspective diagram showing the configuration of other examples of the case of 

this invention. , rj 

[Drawing 631 It is the cross section showing the cross-section configuration of the example of drawing 

62. t 
[Drawing 64] It is the perspective diagram showing the configuration of the conventional case. 

[Description of Notations] 
10-1 Motor Section 
10-2 Magnetic-Disk Section 
10-3 Recording Head Section 
10-4 Reproducing-Head Section 
10-5 Arm Section 

10-6ClockSignal-Generation-Seetion — — - _ — 

10-7 Tracking Servo Section 
10-8 Playback Section 
10-9 Records Department 
10-10 Case Section 
20-10 Truck 
20-11 Clock Mark 

20-12, 20-12-1, 20-12-2, 20-13, 20-13-1, 20-13-2 Wobble DOMAKU 

20-20 Guard Band 

20-30 Reproducing Head 

20-31 Recording Head 

20-40 Servo Data Storage Area 

20-4 1 , 20-4 1 D Data storage area 

20-4 1H ID record section 

20-71 Gray Code 

20-72 Unique Pattern 

20-73 Home Index 
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[0 0 4 5] ->*^;l/Fv-*fcLTt±, ^?>JC2 0- 

12-2, 2 0- 1 3-2^t9:tte»nTv^o cnico 

5(7 [0 0 4 6] l©9*^KV- ^2 0- 1 2- 1 , 2 
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0-13-1, 20-1 2-2, .20-1 3-2 

n*y ^v— $ 2 0-11 hW\—<DW* (h5y^ftOfi 

[0 0 4 7] 7 s -^fB^«2 0 r 4 1^5feH^ti. I 
DfBSffi«22 0 - 4 1 HtfJg/SSn, #*IBtlf5£2n 
£7*-*^ C<QI DfBS$!«2 0-4 1 HlCgKSgiS 
2 0-4 1 Dlcm&ZtlZ&vlt&ZtiT^&o 

[0 0 4 8] I Dfeg*®«2 0-4 1 Hit, 
mmM&2 0-4 1 A£ F«5y*#^fBS»«2 0-4 
IB (2 0-4 1 B 1 , 20-41 B 2) t\C&ftZtl 

-4 1 Ali> m^O7^->20-l 1 £|p|«& 
ic, h^>y^ 2 o- i otefc£ £tK h^y^tb^y 

^^##tB^^2o-4 i a«c(4. «fe^**i«e-r* 
^ 2 o - 4 1 a mm z *u f ^ y ?mmm 

««2 0-4 1 BlCli, K7 7^^StSt7 7^S 
§2 0-4 1 b?WB»«nao IS^F20-30 
tt. ccoi DfB^I«2 0-4 1 H^S^t-S<l^^^:J: , 

[0049] se^b^^s^^, 16l£*yF<E>F 
^y^#*§2fflcfc t>&3-&ff-4 0 fcT>y h^D-r-^^ I 
Df3SSI^2 0-4 1 HlcfBa^nSx-* (I Dr- 

[0 0 5 0] <lftZ><0 I Df- PR (/<— ^-Wl/ 
l/X#yx) (-1. o, l.) gSJ^tu I DIB^S^ 

2 0-4 1 HtCfB^^n^o 

mW<o Y^yt £ftmW<o h^y t?lcls^rffl—T*& 
Z> 0 ^CX\ <I<D-tr^*§*§^ h77^20-10± 

[0 0 5 2] ,^ F^y*#«lB»««2 0-4 1 B 
(4. .B*«f¥fflb^y^»*IBfWB«2 0-4 1 B 1 

[0 0 5 3] S*|ft^fflK^y*#€fB«««2 0-4 
1 B Ui> (MftfatD^Aj) 6H7;^20- 

1 0<0*i>*9L 1 ±lcftBT££5fc:7g/££n£tf. IB 
»»ttfflh^v*»9EaW«2 0--4 1 B2t2\ *(D 
tW>»L2#. h5y*2 0-l 0O*i«Ll iEB 
df£ith^^^2 0-l 0£Si6&#ft (tV X*¥S 
fcJtftfcffiH (*7*yhLftttB) toft**? 
tMSnSo fLT, <KDff£»fM§ h^y^S^IB 

HSWC20-4 1 b 1 mmmftmb?y<?mmzm 

SJS2 0-4 1 B2\Ci±, m—<Db?vt?m*§2 0-4 

i b i , 20-41 b 2Wias*nao 

[0 0 5 4] ft> #^2 0-4 IB. 1 £20-41 B 



(7) W6-2 597 09 

[00 5 5] e&ftfHB F 9 y * #*§fB«H3i« 20-4 
1 B 2(D*y*iV bffidli. rtH«lfcl><«2/J>«l^ffl 
tzn, J*JB«|lc^<Si5ik*^«i:*nT^* 0 

[0 0 5 6] £fc. 0 2(C^-rJ;^li:, h77^20- 
1 0 (***S#fBS1S«S2 0-4 1 A£f?£lSf1MSF 
^<y ?#*§fB$i^i«2 0 - 4 1 B 1 ) <D*£ML 1 Icfcf 
LT. F2 0-3 0*<mfctb-?Z>Tctf><DV* 

70 771/ K^— * 20-1 2-1, 20-1 3-1 «r^*T 
Sffi. teflklftfMi F 9 *y 2 0 - 4 1 B 2 

<9*o»L 2£rS£'N'y K2 0-3 0T?H/-XfSi 
^OflHBafeOftib©*.*^ Fv-^ 2 0-12- 
2, 2 0-1 3-2^T-^-r-^fB^«2 0-4 0 

. [0 0 5 7] fi£oX. B^-FWrlcfc^T^" 
;l/ Fy— ^ 20- 1.2-1, 2 0-13-1 £g*PlCL 
. F2 0-3 0^F^y*>^$WT£C£ 

T\ g^^y F2 0-30*h7»^20-l 0<Drp£> 
20 1 te»oT363iS*»ilt#-ef?S 0 

to 0 5 8] CWcWbt, iES^- FNflcfc^Tfciu 
^ty/VKv- ^2 0- 1 2-2, 20- 1 3-2^:1 

K2 0-3 oTgsir#e>n§ h7 7*vyx 
k> . y k 2 o - 3 o *iga»fp m h 9 * <^#*f IB 

a®tS2 0-4 1 B 2<D*i&ttL 2lCjtioT^g;*'££ 
£<0£i*. faa-N^y F2 0-3 His F 
. 77^2 0-1 OiOWiL 1 tCf^ttfTtSo 

[0 0 5 9] ft, SLtvmUttt^Ttit* 

30 WVt^2 0-1 2-1, 2 0-1.3-1, *7* 
y FLfc^tf-^l/FV— ^20-1 2-2, 20- 1 3 

-2. -fe^s^faaMJ^ 0-4 1 a. s«fe»fpfflh 

^y*#*§lB8««2 0-4 1 B 1 > ffia»f^fflh^y 
»#^C«««2 0-4 1 B 2. Sl«2 0-4 1 D^IH 
^gEBbfc^ «iLtfa*O9*^FV-ir2 0-l 
2-1, 2 0-13-1, -fe^^S^fBS^«2 0-4 
1A. SflaR|fffflh9V^#9e«««2 0-4 1 B 
l > i«20-4 l DcomiSf^^^T, ^^«fe^y Fb 
fc9*^;l/KV— ^2 0- 1 2-2, 20- 1 3-2, 

40 v h isTctmmttm v^v ?mmm%v& 20- 

41B2, m®,2 0-4 1 D<O»2»**0jSLEflrr 

[0 0 6 0] ^fc. h^^y^#^IBa^«2 0-4 1 B 
1, 20-4 1 B2«eS?tl/ch77^S§20-4 
1 b 1 , 2 0 - 4 1 b 2 fc*. eaSSHRfcfc^T JB<^& 
n^t^O^^t). ^l/-3-F2 0-7Ui, cn^^t 

ofeo-ettfti/^o fib. ^-rnfeffi»*fett 

50 X\ U--#r-?B*««2 0-4 0i I DfB^S1^2 
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o-4 1 H*m®mmmmmmz?mirz>z£&v% 

[006 1 ] C(D£5lC, -fe^S^Sfclih^y**- 

[0 0 6 2] BP*. *«MIC*V , vTtt, tf- tf^-^C 
Sfl«2 0 - 4 0 ©a-- 2 0 - 7 2 ^ 
1x4 >t V X 2 0 — 7 3^ K2 0-7 .1 . 

2, 2 0-1 3*H^— *r-« O^-V) <DfttU 
I DfBg®«2 0-4 1 H<7Hr^*§*§2 0-4 1 a, 
h?y*#§2 0-4 1 b 1, 20-41 b2, 
tth9^#! HCite*5 (^JWic<fct2) teas 

n5o 

[0 0 6 3] «*tf*f— K/^F2 0-2 Ott, t*— * 
h9y*,2 0-1 0£t> 2 0 0 nm/cWK<;&3cfc5lC 

[0 0 6 4] W; *JWfc«fcD£««*JBjS 
*f £«iigl±> Wx.tf«H¥4-7 17 3 1 ^JcgB^n 

[0.0 6 5] B2K4B^T^ 0*/vy ^V^MLT^. 

Kffc^tu /N'yfy^ffltt^^^M^ insole 

[0 0 6 6] h9^^3^lHloRtt*^««ffi«^JBflc« 
[0 0 6 7] £fc. h9**ti\ r^X^f©l/2 
[0 0 6 8] TVX*<0ttSte> 2. 5*:/f\ 1. 8 

^v^-Sfciii- 3^>^^^n^o h^y^tf^tf 

5. 2/xm, h9-y^««3. 6 /a m v K« 
1. 

[0 0 6 9] c^^cl^ fig 2, 5^:/^itfc 

COT Y X ^ ©Sffit 2 0 0MB itS 



(8) ' WB§¥.6-2 5 9 7 0 9 

1: 8-f i/^-^ l .ft<9x^X^<0pfigT* 1 0 0MB«§ 

a*, tti< r n3»R'r*c'tWT?**. 

[0 0 7 0] 06 tt, *¥m<DmffrT4 7si7£. f^f 

F2 1-1 3*K»^*«ilO«l«««:*LT^« 0 
[007 1] *5SWO««f-fX*2 1 -HC*^T 
tt.'H2*#!HLT«BHbfc*5h:. &*9*i/Y«. 
T-Z^&UW&Z 1 -3 (02^2 0-4 1) 
^r f ^*fS^«2 1 -2 (02(?)2O-4O) £lcE 

70 ^nn>s 0 *Lr. '*ptf-#x-*e«fiw*2 1 

— 2fcf f -.*'E«B«2 l"-3#> I^F2 1-1 

3-aWfmrfitMUU»2 1-21 fc»^T»««nr^ ( 

[0 0 7 2] CO«aBte43if^Tttx K2 1 - 1 

3f)\ .3JS2, 1 1 2 *^LTHi6Sftk*tiT^*7; 
—2*2 1 - 1 l-^jte*JiW0f*»6nT^6. 3b£2 1 

- l'2«£*A/e. 7-A2 1 - 1 l'DttSfN? K21 - 
• l 3©«!)WtflaittEM«l^ Wxn^;l/2 l - 

1 5tfttp^t&tiT«D^ WX3^;l/2 1-1 5<E> 
20 h 2 1 - 1 4^BEB^nT^So tfco 

' fv mm\Blffi2 1 - 1 6lCcfcD5K^Xr3>r;l/2 1-15 

icmfe<vmmmm.*i&&*?z>t, h 2 1 - 1 4 

08St«S9ra*fcBB«nfc*-<X3^;l/2 , l - 1 
5k:WK*6<fW8U 7-L2.1-n#3W2l-l. 
2^^^bTHIt6'r.§cfc^Jc?5:^nT(,^o 

K 2 1 — 1 3-aW»2 1-21 ±Z»m? 
^h^^o l«2 1 -2 1 5^2 1-1 2 
■ 5r*4>£U «af^ X ? 2 l - l ©tf i^2 1 - 4 *i 

30 [0 0 7 3] ffi. C^lC&^Tte. X.hU-hT—I* 

[00 7 4] 0 7 li> tf-^-*12««« 2 1 - 2 lc 

[0 0 7 5] 07^JSilJ:^m -^-^-^s 

'N-y K2 1-1 3<£>7— 2*2 1 - 1 1 ^mW)LTct^lC 
fe»S»ift«il»2 1-2 1 tej&ofcftrafc. KfitrVX 

^0 *2 i - 1 <Dh^v2icfc^rc&m£itc&Qj&&ztirc 

ICftlfZ I DfB^«2 0-4 1 H©f-*««©^ 
SiJfflU:<J;t)Jg«StiST^TO««^ ««^K2 l 
-1 i30»»Wi»U:»oT»««n*o 
[0 0 7 6] iSk h?y9£WMz l -2 14) 

tt, b^v**#mtN»Z 1-2 1 o*Sfc:«^T«a6 
50 T/h«ir^ftae>, SaWtctis »HB0i1?H*nfc««Wc- 
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[0 0 7 7] £(D£5\C mmc&*)i&f£'?%v-&v 

-*SM, ^OfiS^-*^ &m$M2 1-2 1 

BS(0 2J£>5O-3O) (^Dy^tfi/— ^ftjfWcft 
(^hftKtf OjgT'StK F 2 1 — 1 3<0fi& 

*£gttic&£) i*^-K2 i-i z\c&K>tmn*£ 

[0 07 8]-B8tt, Cl±©J:5ft«WJ0K«7 ? -f^* 
2 1 - 1 ^WfS«fi2^bTi^o 0 8 (a) it, 
^^^B^77^BfE^^T4ot). Ir]0 (b) te, 

430. *OSJ8tf***tlTlr>«ffilC«ttil2 1-6 2 

«^tiTt>§o fits ag©fi^»» cea«B> fc 
iW-F^yK (gb) tfflussn. s^as** (fl 

SB) fccfcD CE«»») i6«W«ti*. 

[0 0 7 9] *h9?*H\ 08 (b) IcijVr^lc. 

^^T f -^fB^a^2 1 -3tiTs^^^^^n§o c 

t^*^-* S M** D y * V-^ C Mft H*Ei 
[0 0 8 0K<o«8f^?tJ:nft Ift^Ktf 

v X «**»»W * C rT« t * « o 
[008 1] ceo J; 5Jc, Mi&*W^S«Sl'r>r 

etc.. 0 9^td:^c, h^y^£git&#fa<7}(@W 
0. 7 7!;M2. 9 /xm^jS^^n/cS^^£bgP2 2- 

[0 0 8 2] C4>*3aSMKr-f**2 
0 9lC*5(^T. ^ffImi^ocfctfni2T^*rcfc'9lC. GSI52 
2- 1 3£HgP2 2- 1 4 IC^^T&ffc^ft^iSft^ 



(9) W6-2 59 7 09 

id 

[0 0 8 3] COlMlC^Tli. ±a<0«^7 ? ^X^2 
2-1 (06<Q2 1 - 1) £J*U £f*01 0 (a) IC 
^"T <fc 9 fc. K^-r ^ 7, » 2 2 - 1 a T'Tjkttfo 

*\y F 2 2 - 2^rfi^r^ X^22-l _bZ>¥&*lRjte 
§P2 2- 1 3£HSB2 2-1 4(Oittl2 2-l 2^"T 
[0 0 8 4] ^LT. ^4>&. 010 (b) te^T*? 

iifiic8^^$ 2 (ommum^VM^y F 2 .2 - 2 

jcgiiouatfe. coswt^y F2 2-2*B*f-{X 

* 2 2 - l '©¥«*lftteH«le H ? * * * * 
*TX*ty«#, iK^X^2 2-l^SP2 2- 
1 3JO«tttJi2 2-1 2 0**i»lRl*»*:BBiftbTx ffiB 

[0 0 8 5] atftt^Ny F2 2-2 LTfc*. ttSttr* ? 
20 ^G©*t7^SgotfO. 4 film h^y^flglOO 

(2 8+2 8) G>fcO*JB^fco *l/t, C£D««^N^ 

F2 2-2«\ «»r-f X*2 2-1 ££)ffi*mjS5:6 
m/sh LT««f-f.^> 2 2-1 ±fc:»±S*fc. C 
^^t©i?J:Idti0. 1 3 /zm^&ofco 
[0 0 8 6] cco^u:. l^ott&Ny.Klc^oTffi 

io [oo8 7] 01 n*. c©<fc5fcLT«{i:;£ns«sc 

-^42J;D45IS2 3-"1 l.k:tts 2 0 0.nmO 

(HSiS) tf|g«Sht^So C<0g«2 3-1 1 
tt. «f9X-C«ll«*hak*. -*©J*a**0. 6 5mm 

1. 2mm^W 0 SS2 3-1 l.XDffiBBlctt. 8514 
123-1 2WJgJ«^tl*o 
[0 0 8 8] Z-OlW&MZ 3- 1 2 tlts S 
^0 S23-1 l±fc »f»KWlMn»a0 0. 5«JCt± 
1 0 $?£L<1±1 0ffla»fc$tlfctS : J : Jl2 

3-1 2 AOTBAStlTlr^S. £<On^m 2 3-1 2 A 
tcli. SiOz^O^^fe? GBR^U*) 2 3-1 2 

[0 0 8 9] S«2 3- 1 1 
50 ti7;l/^^^Atc^^ 0 ^?>^. «S*ffi©Miatffi^ 
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fc#>, mmr^v F»«ttJB2 3- 1 2lc&ft4Lft^KH 

JT.W&SIC, n^mzs-i 2A^-r§c^ 

[0 0 9 0] (#ttS"J*) 23-12a^ 

x^yfc?:y^S;fc:<fct>S;&2 3- 1 1 ±\cttm2&2>£ 
t&VZ&o V&<0¥&®& 5 0 n mJBTF. £?SL<te 
8 71MJ 0 nmt«o W^g*8nmi:Uct 

£&£<J:?lC#i5tU Ctl*5l€?±if3i«l 2 5 mm/ 
#T*&2 3 - 1 1 ^OSffi^^^L/co 1 0 0 

[009 1 ] SmRStt-r-f * ty«tttl«T«e 

[0 0 9 2] $H^2 3- 1 2 .ali, S i OztWfOftttB 

[0 0 9 3] 3ft*Jf 2 3- 1 2 A<D±lCfciu #J8 0 nm 
(3DH^^DA12 3-1 2BW^n^o C(D?xn 
i,!2 3-l2B^ 38!*&&Ki:LT«&EU SSStft 

[0 0 9 4] C<D^PA/I2 3-12 B<D±fc:fcJu :n>^ 
;l/hS4i2 3- 1 2 Ctf. 4 0 nm^jf^^^fc^.T 

M^nso cito3/^i/ha^2 3- 1 2 c 

<Q±ia3\ 1 Onm^^S i 02*^^:^112 

3- 1 2 Dtfxe^-h&^^m^n^o umm 
23-1 2D©±ict^e,ic> mmmz3-\ 2eai 

flj£*l£ 0 C«)«»#J2 3-1 2 E t LTte\ &m£F 
OMBLIN^Z-DOL Q$M) *m^Z>££tf? 

[0 0 9 5] 2Qc* x-*fBBW«fctf-#x-*E» 

^^fj-s-^oi^TifiB^*r§o 01 2 &c^vr£ -5 * 

til, iroy^V— 9*7;l/FV— 

j^LfcI Dfg^g«2 0-4 1 H4Hr**S'^f>h^y 

[0 0 9 6] t^oT. 01 3lcmiZm^T&5lC, T 
-A23-81 (01 9^7~A4 0-5 3) fc* P- 
pfcf— A2 3-8 2 (01 9W^>>'3y/^4 0 
-5 6) ^LT^ntt^X^^2 3-8 3 
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(01 9CDX^-Y.^4 0-5 7) lefi&M'N'y Ptf«*SS 
nTkS&OTf&Stf* C©X9>f$f2 3-8 3jWH«-r 
^X^ 23-84 <D0(Ete#ffiLT58£t-S£«ffifc «fc 
oTSBEMtVX* 2 3-8 4fc»LTffi£©B»ce« 

[0 0 9 7] B«^F, fct, X7>f^2 3"8 3 
t«af^^2 3-8 4 £0Efttf£irS3£. fi£^\ 

So LfrL*tf& v *©^#S$DiS 
70 r3*a**fc^ SSSt^y F^K^7 f ^X^2 3-8 4£ 
SSttbTLS'do t£oT, X^^2 3-8 3« v KM 
•tVX*2 3-8 4k:»LTW3e<DB««r«* , r*i8W 

[0 0 9 8] L2)>L&#&> ±5$Lfc£5fc:> ffiSvx^ 
X^ 2 3-8,4. (01 0<DffiE^7VX^2 2- 1) ti, 

•^■oaB^STav^ij). *coiHiia*c»js;uTx x^ 

3-8 3^«^X^2 3-8 4 t^OBBK^ft 
#g<, »-*f->B«l«tfX7>f^2 3-8 3 £ 
xW^2 3-8 3W\ 3g«»±tt« (¥Sft«B«fc:* 

[00 9 9] ESV^QMK-rS^e. X7^2 3-8 
3^>Jfe*(BBBWJ*%±lf6nx X^^^2 3-8 3ti> 03 

[0 10 0] fit±<B»ftHi. X^-f^2 3- 8 3tf lO 

«^W^TS^c«>, T r YX^<OfB^SS^h^<^:oT 

[0101] (/^*, 0 1 5lc^Tct If— ^ 
IBfR««^ 1 t^Vh IC^T 2>m-£* 23%^U * 

a««tfi!!i»T«»kfiffi'rsfc. 01 4ic7*bfcio 

50 ^n^>o 01 6li. CCDcfc^iCbT. X7>f^23-8 
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6-259709 
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20 



3 tM%.T-(x? 2 3-8 4 tcom&tftvt^hmm 

teSSc^2 7 0 0 r pm, 1 HUES D<ZH*y* V FOftS: 



*tt»7VX*2 3-8 4 fcOeiKtf-fe^VhaMHT?* 
[0 10 2] ' 

[Si] 





10 : 90 


23 : :77 


30:70 






laOrvn 


2a0nm 


32.0nm 





1 /im^LT^ 
1 0^90, 2 3. 



[0103] f§ l «\ •bWvhSDOr^i'eWWI 

hgtfl h9^S0 4 2 0l, »±1»0. 1 1 m 

rru MSStftf'l 2. 8m/s, tV X^BHSRtf 4 5 H 20 

So 

[0104] COS 1 te3Sf<fc -5 l£> 
^77, *rcti3 0»7 Oi:, JBftrrsfcotiT. SIS 

ttfl 3. OnnrK 2 8. 0 n nu 3 2 . Onm 

[0 10 5] JMc, BlOBa^y F»l 0-3£S£ 
[0 1 0 6] 01 7lC*5l^T, i¥±^x^^-l|g{* 

(01 3<dx7^^2 3-83) . aei^ttcnjcK** 40 

ftfpJilt&S A B S (Air Bearing Surface) 130- 
7 ff^y F<D^- F^*«Wr«JB 1 &tf 

Jg2©attJB3 0 - 3Stf 3 0 - 4^aUB«tlTV^S 0 
CO«tttjB3 0-3Stf3 0-4JC»E*nScfc5J£:, M 
R («ttgjn&S) «8iO«8MR«?30-lt, 
;W7X**3 0-18t#, #«tt©ttWB 3 O - 8 
fc^LTKHStiT. MRfiBSAyKSl«Stl8. 

0- 1 8ti\ MR1?3 0-Hcf 



c©MR*f30-i 9 kiBtiShT^S,.- 

[0 10 7] fit, m2O«tt/l3 0-4<9W5!lEPV 
MR^SO-l^Wt^tlSfflll^tiS^ffll^ti. #ttt 
14 (Dtmm 30-8%Mtl3 OffltttS 3 0-5 

i^nti^o cnt,^2&t/^3^attji3o-4^ 

3 0- SORBIN COABSffi3 0-7/)^f8it8 

lc x F#* (018O3O- 

2) WJg«*nTV^5o-SB3O«ttJl3 0-5<DTtB 
MR|g?3 0-l-O**^OlEttt±> 3. 5/imi 

[0108] c^9iiiLt> jgi&t/g*2»K4/i3 0 

-3t3 0-4«CMR^3 0- 1 tfEBStlfc, 
^t>«)5i/-;l/FS*«©MRfflK»^7 K (S^y 
F) *M»l«Stl*tfcfefc, ^2&t;m3OfiS1tji3 0 

-4^3o-5j; D«*«wc^y F#«w«*snfc 

So 

[0 1 0 9] £<D MRSI^7 FOh^y^ffi 
tiMR^3 0- 1 (DAB Sffi3 0 - 7 fcffityifgWTil? 
MiWStl. I ndSfBS^y FO h^y^«l±03O« 
1i®3 0- 5<9A B Sl3 0 — 7 tcffity(gWT i TsMfalcS 

Mo mri?3o- i o*gWTiii±. ttia«*;*a«*. 

t£5. 2/im.(h7y^^y«SU>ffi) £U ^3 
oeittS 3 0-5 OipgWT i te. ttttW'h&SMfcfcf 4 . 
0pm (h^^^tf^^cfcDKt^itS) £LT«/3c*rSo 
[0 1 1 03 CO*5ftiiac«M-R/I ndl« 
Ml^yK^T, h77^lfyf5. 2/im. 
y*iB3. 6/im, 3J-MyKil. 
EP^ h 9 y 4 8 8 5 T P I (Track Per Inch) £ 

S^m^O^®)«:lHl^S<li:^T^T. R3£#t40!R] 

[Olll] ^ic0l 8?:#ilT, «£t*N*y FOKfffi 
*«S:KMt5o Sf*30-6±lc. ABSI30-7 
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teBA/C, MR^f30-l?rft/uTMRgf30~l 

<oi/-)\> Y*f&?m i Rtfm 2 <om&m 3 o - 3 ru 3 

y y^^^SSPKtt^WMI 3 0-8 £Jg3 OfiBEte/l 
3 0-5^ HflllcAB SS3 0-7fcffiA/effiJ12*i 
So *fc30-2tt. *2arfJB3*«ttJB3 0-4a 
3 0 - 5 <0, W*tf ««*ffl©Sl^Bat«WIS*»* 

jRU C^2Rt>^3<OfiBt4ii30-4&t;3 0-5 
[0 1 1 2] MR^f 1 M\ *©ABSffi3 0-7lC» 

j$-rsffli»cjfe«seai3d-i s&mfztu 

flftfMI3 0-l 6tf»»6tl, ABSi3 0-7lC»» 

•ptc^^tlSo 3 0-1 8tiMR«?3.0-lDW7 

3 0 - 4 tt, .»£»tettMR«f3 0- 1 <0*s— 

[0 1 13] »2 ©Itti 3 0-4 ©±fflt*3 Oltt , 

HmtZti, MRi?3 0-l©**^l©»tti3 
0-3©±ffi«)E«tt0. 

[0114] ctom^mmm^y vtc&tia. m&s? 
[oils] ek. c^Oct -9 &jfra^se^y f*jb^ 

«ic, ff£^ F£««7VX*£©F^'*^4Mt* 

<Dmh*nM?Z> ctiPVZ, i?£ffi£#tt<£>f«l±£:0 

[0 116] ft> «Wti ^WTitth^^^«©»»ffiWc 
ITtAK Sft. B«^yFfcS£^yFtt*flrr* 

[0 1 17] 01 9^ 05. 06, 01 7 % 01 8ft 

y F) ^K!}W^^7-i,a)«I^LTl^o IrI 
0fc:;jVr<fc < Mc, TIf*4 0-5 1lciii»r^X^4 
0-5 2tf. Xtf^FJl/*— Z (05 9C0 10 0-2 
1) *ttLT@eaftte»»SftT^So Sfc* 
g#4 0-5 1 lcfci\ M4 0- 5 4^4M>£bT[§JKjg 
SJC7-A4 0-5 3Wt)W«ntl^o 02 OlC 
KffiiTTNtJ:^^ 0-5 4£7-A4 0-5 3 
^ratcti, #-M7U>^4 0-5 StfiWfZtl?^ 
So cniCcfctU 7-^4 0- 5 3O@»^«:fe»5* 

[0 118] 7-2*4 0- 5 3<95fcasiai N itx^v^ 
3 y;^4 0-5 6^D(^^tl, C<DVX^>->B 
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mitX7^^4 0-5 7#*D{*tt&ftT^6. 
±3EbftfBt»^y F (Bflfvy F*W£*vy F) tt, C 

cox^^^4o-5 7ic^!PWte,nTo^o aata-r^ 

X^ 4 0 - 5 2 2ttK** 6tlv *<DWffite«tt»tf» 

*W4«OX9^W»»6ftt^8. 
[0 1 1 9] V-A4 0-5 3<0fBII»»Ctt#>fX3^;l/ 
4 0-6 3 (06(7)2 1 - 1 5) tf*DW*6tlT^ , 
£ 0 G©3>f;l/4 0-6 3C0T73^.±^Cii. 
10 M 0-6 1 £4 0-6 2 X06<92 1-14) tfffig 
Sn. h '4 0 - 6 'l *>6^*,y h 4-0 - 6 2 

tC N £fc, ^OiJSfc. 7^h4 0-6 2fr6^* 

f LT, 3>f;1/4 0-6 3*2\ C<E>rajfr&$i3J£ 
<t5fcEB«nT^S 0 n-T;l/4 0-6 3lc 

mmm^m-t'nmiiffi^L, a^oM o-e 3. 

ffcoTx cn#&9tttt£nTVs7-A4 0-53 
• *>V fa 4 6-5 4 LTisJBrr So *€)IS*x X 
7-Y^4 0-5 7^ (fi£oT. *CfcK9tttt£nTfcv 
20 «E^-r^X^ 4 0-5 2Om^^S 

[0 12 0] 01 <D2uyt/m*§£j£8M 0-6 

[0 1 2 1 ] 02 U±, *^*tt«/v-F7V*** 

SfiBtM-r^X^ 5 0- 1 A, 5 0-1 B (019<D4O 
-5 2) It, XtfVF;l^e— * 5 0-2lC<fcoT[atffclg 

fs^nso aat»->^ Fso-3 a, so-3B^ 

fn, 7-A50-4A, 5 0-4 BlC£oT3»££ 
50 *U ; ^^Xa^;^- * (VCM) 5 0- SlCcfcoTlsJ 
»4»^5 0-5C*3biSti:LTlHl»?*6nT. PSffifK 
5CtVX^ 5 0- 1 A, 5 0-1 B^0±fficDF^^^5 
0-5 0 2lCiit¥LT. Ctl^^O h^^^^^LT. x 

[0122] 2 #Wfl£SvrVX^ 5 0 — 1 A, 50-1 
BC0 "h9y* 5 0- 5 0 2&. 5 0 - 1 0 0 

tt^ctSo 0/fx^ntt^i* Sffif-rx^50-i 
A, 50- 1 B«Tafc»LT^-*0»*&*fe<fctf 

40 ^7F50-3A, 5 0-3 B£[«IfiUc. 7^50 
-4A, 5 0-4 BlCcfcoT^fif^n. VCM50-5 
£oTmlW£v5 0 - 5 C*3i&t LTHJlft^^&n 
So 02^#BaLTittMbfc«fc«9tC. Igf^X^5 0 
-1 A, 5 0-1 B^iffi^f-^h77^^Cti, B$ 
»^S^P7^^2 0-1 ltf, TYX^ 

#B8#^5 0-6l±, XKyK;^- * 5 0-2©HBS 
tof4^i^X^5 0-lA, 5 0-1 BOO 

50 [0 12 3] ^XhnVlfa.-^5 0-5 0ti, S^Ji 
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7x-X^-7^5 0-60^lT3yhP-750 

-701^^0 3yhn-75o-70tt, aatM/N 
mes 50-20 jctH^j-r^o 

[0 1 2,4] fifcSt^ y F50-3A, 50-3Bt*-3 
tf-f'x? 50-1 A, 5 0-1 BfrSK^fcStlfcR 
B£»«BE1B 5 0-21 fc* Dm^OfirWc 
iifg^n^o S^i®"Pg{UK5 0-2 lOlU*fcl\ 
^ttffi(HiK5.o-2 2, h9-y^ffiHKS«aiaB5 0 70 

Of7y*7 FWra- ^5 0-8 0fc:«*&£n5o 
[0 12 5] -*ay*»a0tt5O-2 2-Cft*aStt 

ftll4>Oy*fl^ (JPy?7->20-l 1) 
h 9 y *fi§4>««te8P 5 0-2 5 fcfltl&anSo Sfc> 

^^yf'^Xttffill{ffi5 0 - 2 4£<k9t6*ffi? 

nft*-wyry*xi§2 0-7 3 (04) 
%0iaft*BM^Mt^t>. h^^^^aau^sps 0-2 

5 nSo h7'y^tilRSttffl0B5O-2 3 

H\ l»O9*^;l/KV-*20-l 2, 20-130 20 

h7 ^ ^ffiiRiif (h9**:> 
yx9— «%) *r£l£U F7y*>W-*@B5 0 
■-40t*7b* y * WftBW 5 0-90 lc«*&-r^o 
[0 1 2 6] h7y>B6«lfi«5 0-2-5tt, 
t%>-ffi£\C&K>, f-^F7^*n50-50 2^ (U 

±^fttiMeoili&£bTltaiJU (l^SfBtiSBSO- 
2 6 ic-r— ^;WB*TCli***o COM^Sti. PL 

LiiiK5o-3o^««&^n, *pv*«^©i9mmiiR 50 

-4 0^?^ VCM5 0-5©MWdfOfflSft 

So 

[0.1 2 7] BP*. 02 1 ©**H8©*«I«©W«© 1 
Ote. EltSfl.5 0-2 6JcfB«*nfcfii«W, §?ttJ0 
K5 0-2 7lC«kr3tf>f X^OIallslcnnbTW^tb 
D/A3^~^ 5 0-2 8Jc e fcoT7 7 ^a^ 
9k:»A2tU 7*-K:7*7-Kfii«S5 0-2 9fc: 

£ o TM«^^ftto*aBMi^^**** * nfc 

PLLElBS5 0-3 0coaffi©JfflI%lBS CVCO) 40 

5 0-3 5 OfflSPttJE LT? -f - K7 * 9- F 

[0 12 8] PLL®&5 0-3 0te, ffitBittg§§5 0 
-3l£> COtfttBit®g850-3 KOHiWc^lTfi 

— 7y-iJ]/? 5 0-3 2 t* ZLCDy^frf? 50-3 2© 

JEffflW&SS 5 0 - 3 5 £ (MB JfiRS 5 0-3 

Iff. ^Dy^tttBEI885 0-2 2JC«fcoTft*aifftl 
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an; n»oi»h»5o-3 6*mt7^-f/w 

.[0 1 2 9] 02 1 O^^O^MoHfttt. 
7>f^50-32i:VCO50-3 5 fcOfflfcT^P 
tftaJHB (StSUtMHI) 5 0-3 3*i9:#. 7j-Vy 
*9-Flfl«gg5 0-2 9*^X^7f 50-34*/r 
lTM?n5l^%, ;i/-?7^W5 0-3 2^ 
ffi*Sn««#*cftl»UT, VCO50-3 5t«»t 

SjStefcSo ;V-77^;P?5 0-3 2*5i;tfJin' 
WS5 0.-3 3*4. x.^^^iSS^T'feoTtxfc^o 
[0 1 30] CO^^WWotl^*^, VCO 
5 0 - 3 5 tt, {4fSit®S 5 0-31 t><r>mtl<Ofrtt 
&*T> fil^fifEtSSfl 5 0-2 6*^ RUUilRg 5 ,0 - 2 
7. D/A3y;^50-2 8, !7-f — K7*7— K 
tlfflggS 0-2 9^3ctt5X^^^5 0-3 4%g4LT 

h9-y^PM4i«s«ffifcJ;oT«>B»an 

So .UTctf-sT, VCO50-3514, f^fX^^^ 
4tSMitif8 4 Offl/1 (eieo^a^^v-^^|i)tt 
b S;i/Xfl*i lc<, ti> S * a - X F yftfEr* i&6£ 

[0 13 1] T&t>~*>, CO^dfcfl'L^&Sx^X^ 
JgLfcB^'vy Ffr6.*i6T»Wan* , r-f 
oTt^o C<D*0£^/£5K>5^ Ie]fcJ§8H&: (6 0 

Hz) jctBa-r**»«. *»»JdE*-^>^^» 

mcj;^ vco50»3 5^W^ rjjnfgj 2ns 

C£lC<fctK ^P^ttfcHlHjg&5 0-2 2*^ffl^tl 
S^D^fl^£. VCO 5 0-3 5/)^ffi^^n§^ 
P y J£t£± 2 0ns (DfflffiBftm 

*T?ssea«^6nSo 

[o i 3 2] co*-^v;l^^«f^k:*Sffi*B«SSk: 
'cfcDx ±fE^P-XF;l/-y»mi. 5* 
ifcbTaiBO/hSt^HJft*^ (BrtBJB»»Oft«7b 

g^Jcti, *P*y»ttHJEItt5 0-.2 2fr-5fflASti 
5*P«^iflC»lTV CO 5 0-3 5<Dtfi*jfI*§ 
fc*. ±l n sWTOS»TifiV^jaft*Bl*:««pT*.So 
[0 l 3 3] H2%#fiHLTttMUfc«fe^*C, * h 

^ n :/ssw>3i! k> to* 7r^> >tbm¥ a 
nscor% nn&commz i ^pv^o+tt'hai/MB 

£&S C L*U*tf6. Inllfctt (@19«i40-5 
4) &CC^cfc5&^X^^tH\fW-££> x^X^4> 

Tl 0 7!?S5O^mSSc0K0fW^M^-rSo 
[0 l 3 4] c^tn do) *fHW-r6^ft©»IB»i: 
Ot^T«. B2 571MB2 3*#JBLTSBffi*rStfx ^ 
C-CH2 2**HabT(B*teKH8bTfe< 0 
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[0 13 5] 0 2 2iCfe^T v #ISf 50-5 00 
it, h77^50 r 50 2<9ftM>^U #fflS^5 0 
- 5 0 lit, ^^7s^(OW^^^tc U^'y F 5 
0-3&> 7-A5 0-4ia(3$^nt^Th7 7 
^ 5 Q_ 5 o 2 <^>h±£ hl'—X^S^?*^ h^y 
^yy^5p[HjK5 0- 4 O-CffiBRftSn-T^So 

[0136]^' h?7>50-502O*i*r 
o (m) > {®fo*S (m) . @&£fc*N (Hz) £*TS 
h^y^50-50 2<D¥i%mmVQit%i<D&o\C 

[0137] Vo = 2 /r r o X N (m/ sec) 

[0 13 8] ^Sro^P3^h^^^ 5 0-5 0 2 leg" 

»*M«B/i.Ei«E) /wxmmmLoitx 

[0 13 9] Lo= 2 n ro/M 

[0 1 4 0] enfft^y F5 < 0-3tf9Wrfi4)fc:S 

[0141] To= Lo/Vo = (2 /r ro/M)/ (2 /r , 
roXN) = 1/ CNXM) 

[0142] #JxJ£N =60. OHz, M=8 4 0^?, 

To= 19. 84 1 (jisec) 
T*So 

[0 14 3] — 3k ¥&&{Mfote&*) ri= ro+6lcm 
1tt\s1t&ft(D/WXmmTit. ri= ro-<5K}S4>L 
Tc&ft(D/WXfaifiT\it, a©<fc^lc4S 0 

[0 1 4 4] T2= 2 /r ro/M/ (2 /r r2XN) = ro 
/rzX (N XM) 

Ti = 2 ji ro/M/ (2/i riXN) = ro/ riX (N 
XM) 

[0 1 4 5] Sf^T. Mx.^ r o = 2 Omm, r 2 = 2 
0. 0 5mm£>£^ Tzit, ToXl. 0 0 2 5 
*K 0. 2 5%^ft*r^o cnt4«/h"t?*5*^ BSHSi 

[0 14 6] T&fc>^ CO«Ti4. To= 1 9. 8 4 
1 (/x s) ICfcfU T2= 19. 8 9 \, Ti = l 9. 7 
9 2 (/is) T*££fr£>> T<£>¥*5fil£. «*«*5<fctf 
«/JMI£ti, ^50ns (tyt^yF). ©M^* 

[0 14 7] CO&vlOsTl H|B£:toft5«J|||Lfcfli- 

[0 14 8] C©J:5teLTfE«ffl5 0-2 

Lfc* *S»fc i « V C O 5 0 

So *"fs ^miHlK5 0-2 7tcJ:t)T r ^X^^lslKfi 
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fflfclRlffibTtBita55 0-2 6^rtg?rKtaL, D/A 
n>/^,^Jc5 0-2 8<fcD7"?-ny®Elcg&U 2 

Vmtifc tl« 7 -f - F 7 * 7- F««S 5 0 - 2 9 *C ± 
t>T(fitffl*i«b^. ;W v>^5 0-3 4;fcJ;tf7^n 
ytn)W5 0-3 3^ltVCO50-3 5fcWftrr 
£ G VCO50-3 S^tSttfflfct F7*7— 
Ftl««**fflidL*^i:*B2 30^SIT^*r«fc«9^ 

/0 |silE(0$«tc*)fct)itiJO # . lc3fi-3<o 

[0 14 9] H2'4li, *5SW^*o^*ffl**liE0BS 

0 - 2 6 <£*&*firtS 4: L T X ^ CO BrtE^ffiBfctt-T 

. h?y*a*0KttU^ -«PfBlSSP5 0-2. 

•5 i , e-«»ici^6nfefc l H2 kb^-f^* 1 ? 

- FttfltB 5 0-2 9 fc^fifi&aS^a»8S 50- 25 

jw^n^o t^oT, e«W5o-26 Aictait^nsg 

[0 15 0] CCD&olcTtllX, 02 1 <D7X—\*y* 
7-K««S5 0t2 9*^^*SfUj£tf*S 0 
t>^. 0 2 1 <0*i{g§§5 0-2 9*T**3^7^;l/^«> 

£>S9£«\ l bk: i ©esutf^rn^^^coTv 024 

<0*ttiM«0 £t<, 0 2 1 (DmM&lV>ti&9S& 5 0-29 

5 2 ^^iaffl^yn ^ ^ ^Mts c ^^t t 
[0 1 5 1 ] 02 4^nsa^K4ot>T. earths?* 

5 0-2 7 AH 5 0-7 0 (Dfg^K 

g^T. B«»50-2 6Ate«Wi«nT^«**0 

xi?m<Dmfomicttfoistc& era****) *a 

[0 1 5 2] 0 2 4 ^ttflJ-eti. ii^efc^^t 
&Sfr£. 02 1 0*^J^(^«^LT»^nfc<loSiJ 
ftggp 50-252 ICcfct) m^^*ii|@te«^ 
ttlCiBIStlft©*, fBlta55 0-2 6 AlcW^ZtL 

MUTtlSo x^X^ti4ffi^SCDT^®C^lSbTigf 
»6ht^5^y FSfflt^ ^4@tf&fctl5c t¥ 
o TfEtigP 5 0 - 2 6 A t£ it 4 iBS^d^fi^Sffl^ tl 

So 

[0 153] CCT% 3yhD-7 5 0-7 Ot>\ m*- 
ilf^Ts^ 5 0 — 1 B <0 2 1 #K0 
ttf^SraW^-rSo SJRSP5 0-2 7 At±. 

1211955 0-2 6 Afc:iB(t£ftT^£1tffl05^fre, 
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[0 15 4] ftoT, cn*D/A3V^-^ 5 0-2 
8T'7^P^iffii^»lt/)^^ tt!S8§5 0-3 3* 
/rLTVCO 5 0-3 5lcWS^> VCO50-3 

fclEHtlcfTSiHU VCO5 0-3 5<D\&-hl* : r<{*i7 
[0 15 5] 02 4 <D*»0tt*ti\ SI»gP5 6-2 5 2 

oa^a^jt-raswassriBitffl 5 0 - 2 6 a icsb« 

[01 5 6] ±atfc#^©SOfc«fc:**U!f^ tV* 
y h 9 *y ^ffiBKMrn^O^m^^- 

[0 15 7] JOc, (K>«*Jllje'r«*ttfc:-?ir^TWB 

[0 1 5 8] 02 514, RJgx— * h5y*01 /^b. 
'oTWlWfc*nBllfc:N*<0*ayirv--ir«^ (02 
(520-1 l) ft<1B»?ftfc««x-<X*£, ^**y* 

7F«i:«^to 02 5tc^v>Ts mnam 

5 1 -5 0 0t4, RJ^-r— ^ h^y^O+itvfeSb^ -C 
4)4)jb5 1 -500tc^LT|nI^P3«^T ? — ^ h^>y^ 
5 1 -D37!>Ig5 1 -D7*«B/fia*U S^-* b9y 
>?(0 1 HClotKllWcW^NW^n-y^v- 
^{195 1 - CM. (02(7)2 0-1 1 ) »B»S*lTtO 

So 

[0 15 9] i^B^cfcdftraJB-r-^ h7^**tt5 
ffi^^X^tfX^Frt^e— *Hfl6*ft5 1-5011: 
f+y*y^«hfti:*tflHi5 1-5 l ltfSUSo 

#fM»5 1 -5 0 3W\ ft7^nf:f^X^ 
©|sHB*i&5 1-501 ft* 6— Jg4>4Ml5- 1-510IC 

tai^y Koraw»*^'ro raw* 5 1-50 3 

t?— ^ ^^cp^5 1 -5 0 0lC^tifi-^V^cB# N 

H*fll»5 1 -50 3ft^3l§R^*r— * h7y*±Oo 
*y^V-^{195 1 -CMH<oe«5 1-51 3**Ny 

KWiiia-r5«FHft , *fc5a<at). pwu»5 1-503 

tfpgjgx— * h7 7^W5 1-501 ft^S^Stn/c 



(15) WWT6-2 5 9 7 0-9- 

1$, ra«i»5 1-50 3««ji*raje^*>9y*±© 

^D7^-^Mi5 1-51 4**\y Kft^fflffl-r 

- 5 1 otfmcv&*), ^>y FaasMwrat^6T? 

[0 1 6 0] ttoT^V-W^yyatlfe'r-fX^OH 
4E4>4>5 1-501 ft>5— €©4^85 1-51 Olc&B 

^*y Fft*6Bians^a-y*T— *f}*«9<0WMB 
70 Hl«SU , cn*3pJffl , r*2:fc»cJ:*, fi^5 1-5 1 

[ 0 1 6 1 ] 0 2 6 14, 0 2 1 lCfctt5»&«SlJ£» 5 

0-25 *#}j«-r swninHMm 51-70^ 1^ 
raw 51-25 vrnwomamtt'ir. qkmxsm 

»5 1-2"6fc H2 1 O«4>«ES«5 0-2 6fcW 

js?s. 02 6©twet*. B#rawPR$]5£a5 5 1-70 

(4. y^7Dy^5 1-71, *^^51-7 
2, -f W^51 -7 3, *4y>5-l-7 4, §BR 
20 S51-7 5*5£tfX^y^5 1 -7 6*^A/T*tffc«a 
Wo «i&«**»5 1-2 5«, CPU 5 1-2 5 
K ««5 1-252, 77f 5r-2 5 3^tf5 
1 -2 5 4. a6tfte»HC»5 1 -2 5 5*ffA/T«l« 
5tlSo flftMBflBV 5 1 -2 601*, «U51-2 
6 0*t^i«Sn«o fc*3. CPU 5 1 — 2 5 1 

is, 5 i -2 5 2 u:w***yr 

[0 16 2] yVyyynyys 1-7 Hi. tVX^ 
^e>g4?ns*n'v^^-»S£M5 l-CMS^ 
50 ai3fe-r**Wi:TT L1/^;H*H i gh£LowlC#JD^ 
t)S^ffl95 1- TD*(H*tSo 
5 1-TDli. 5 1 -7 2k:«i&atl 

Sfcfcfcfc:, ^ y / v ^ 5 l - 7 3 lc <}; otgfe^ tit 

a*:/* 5 1-7 4tc«*&an§o 

[0 16 3] rt^V* 5 1 -7 214, /^X<l§5 1 - 
TDtfH i gh^We0^HKPH«rSaiS5 l-7 5*ffl 

i^xweu mmtimmizms 1 -c.TA*m*it*. 

ffiTSf, 5 1 - 7 414, 5 1 - 7 3*P 

6B*Sti8^;l/XOT©H i g hOlSMffSPB^fc*^ 
40 /<;l/XiI9 5 1 -TDC0L owOI*HMP»*»»»5 1 
-7 5*H^.Tl»eU NpHWPSiBJ^ffiS 1-CTB* 

[0164]X^7f 51-76li, *^y^5 1- 7 
2fr6ffl*Stl«WI«IWIIIWe«5 1 -CT A*5<fctf* 
^y^51-7 4»&UAS'nsminiHMSII5 1 -. 
CTB*\ CPU 5 1 -2 5 1 WVfy^Xi 
95 1 -HIS (044)2 0-7 3) \cSr3^T&Jl? 
83Vha-;l/OT5 1 - C N Tlcge o T3£5lc# ■> V 

hU5 l-2 5 0tLTBW*. ^^V 5 1-252 

50 i4, x^^y^s i -7 6*^6«»ana cn + n/2) 
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m<0 ( 1 HME*4W)) ^HMPa»J^ffl5 1-2 5 0*. 
C PUS 1 - 2 5 1 tfi*—I*4Z/f y?XfI*§5 1 -H 

1 S^^Tffl^5ayhD-;I/if 5 l - CS 2 
*5<ktf7FUX5 l -AS 2Jct¥oTJll^fEti'r^o 

[0 l 6 5] 5 l - 2 5 2fcfiEttSftfcB#BBBIW 

a9Sffiti> CPU5 1 -2 5 IfrSttWjStiSnvhP 
-;WI*§5 1 -C S 2*5<J;tf7F;^X{I^5 1 - AS 2 

• Rsaiisffl«> cpu 5 1 -2 5 ifrsaasn*^*-' 

d*§5 1 -LHAlCti£oT^y?-5 1 -2 5 3lC«j$2 

Wo K^tH^nrcm (p+n/2) ti^ (sip#g 

y^UV^W) i««WWI»iW£«W\ C P U 5 l - 2 
5 1 ^6ttJ*?tlS^y^ii^5 1 -LHB»caoT7 
y^-5 1 -2 5 4tC«J*^nSo 
[0 1 6 6] mn&5 1 -2 5 5^, mpSaOB#HH 

BHiijg«fr6» (p+n/2) msommmmmfem* 
mn?&. tasfg 5i-25 5 a, c <omw* p = 1 n , 

MNCD^-n^tlJCOV^Tfr^o S©S§5 1 -2 5 5fr£ ( 
#5ft*N«^«JHe*fcl\ C P U 5 1 - 2 5 1 

A^xy ^Xfl*§5 1 - H I s^g-^Ttu^-rsn 
> h a— ;Wg*§ 5 1 - C S 1 to&Zfy F l/Xf^ 5 1 - 
A S 1 icttot^'J 5 1 -2 6 0^JB*fB«*nSc 
[0 1 6 7 ] 5 1 - 2 6 0'tefB«*n;fc«J«B* 

*b^ ; y^5 1 -D3^7 Fifths 1 -50 3 (02 
5#S£> fc©M^^jEH-rSffi(B**bx CPU5.1- 

2 5 1 ^*-^yf7^X§f5 1 - H I 
TfflWS3yhP-;l/f§5 1 -C S l ^ctOTFU 
Xff 5 1 - A S 1 lCfi£oT»Mi 5 1 - 2 6 1 t IT 

[0 16 8] 02 7 it, 0 2 6(Dmf&miClSlf2>. ? V 

v?^-?m£.m^5 i -cMstMJZznzmmmm 

>Py*V-*iS£«9 5 l-CMS^ (n+l) # 
B<D5W?-*-?W£.<§^5 l-CMSCDVSTSMmcD 
^VhffiSrt (n) 02 5<9RS>lgfr5 1 - 

■50 3tfn«r->b7'^^5 1 -5 0 0fr£S*> 
Snf^W^M^t (k) £LfcB#> m$>i&~3^ 
rctif<D*V^hmte t (k+N/2) £&So 
[0 1 6 9] H2-844. 02 6 © ± ^ iCfllfilt^tl^HI 
HPSail^ePS l-70ld;5«S?hWDy^->. 

n£m^<D#MMm<o— &k ta^/^y 51-25 
2U:flE«sn5#*:'hffijij5 1 -2 5o^f-^#§ 

02 8£*3^T> 02 5<BP3*W*5 1 - 5 0 3^P3®x 
— * h9v **M>5 1 - 5 OO^^ltinfcW* 1 ? 
Vhffittt (k) T?feD, Sfca-^fcB$0#^Vhffi 
(k+N/2) 
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[0 17 0] 02-9ti, m2 6<Q£5\cmj£Ztircm>b 
fflf2tlSB5 1 -2 6<D**:V 5 1- 2 6 0lC7^X*£) 

RJBr-*h9^^i:^'yFIU»5l-50 3 (02 5 

mpmsommmmi&m^m ( p +n/2) se^ 

£ 0 ^C^ey 5 1 -2 6 OtCfEtt^nrc-r— ^^J5 1 - 2 

JO Ut. «K«iE«rff5fc'ftfc«ffl-e*«. 

[0171] 03 Oti. 02 1 tOM^fia!l^8B2 5£>{fe 

(omm^omoL^^to timmmsto 5 1 - 1 0 c 

li\ *-Wyfy{'XOT5 1 - H I S£rffiELT> 
■r>fX^^B*^nfcS (n+m) #B (nttlTiS 

^5 1 -CMS fcOISMMPB^SlM** m=0 7!>M (N 
• + N/2-1) <Dm$lL(DZ:ti?tllc<O^Tft5o 

HiW3e«5 1 - 7 0 CJc JioTSIJi^nfcBtHIMUHIIffi 

20 ^^eyr^-fexSBs 1 -2 5 1 c#*— wyf 
- *y*XfI*§5 l -H I SlclcJ^tffl^tSnyha-' 
;WI%5 1 -C S 8^3<fcl57FUX^#5 1 -AS 8 IC 
fifoT. *^y 5 1 -2 5 2 ClcJ!#iStt2tl5o 

[o 1 7 2] *^y si-2 5 2 c iciest n^rara 

P»8B5£ffifclU ^^eyT^-feXgP5 1-251 Ctf*-Z> 

>r>"r^> xm^ 5 i -h i sicm^rmtit^^^ 

hD-;Hf 5 1 - C S 8fe«fct/7Kl/XitA 5 1 - 
S 8"tC«oTKf&ffl«nSo 4n»«5 1 -2 5 5Ctt. 
|»ffl*n^»p#BOl»nMIWWffi«^6SB (p + N 
50 /2) SB^B#MMPBi»J«ffl^T^N/2^*PSL (BP 
1/2 lsrtte^<Dtt«E) p = 1 J!;1N CD^&O^ 
n^ntCOV^THfT^^o HOWS" 5 1 -2 5 5Ct*»?) 

nfc*nw^*ti. *^ey 7*<fex«5 i-25ic» 
^yr7^xi§5 i - H I steS^r-fflrt'TS 
nyhn-;l/if 5 l-CS 9*5<fctf7 Fl/X§^5 l 
-A S 9\cm*DT**V 5 1 -2 5 6 C »cjlR*l3«*n 

So 

[0 17 3] ADS§|5 1 -2 5 5 CT»&nfcftl 

Wfem±, An»§§5 1 - 2 5 7 CtNf^tog (fiP^, 
40 1 lElte^^AOW) Stl. *0fiCgg 5 1 -2 5 7 CX^tl 

ittmfimm*. ^§§5 1 -2 5 8cti/N^n> ¥ 

j^fig 5 1 - AV3tfHJ*?nSo 

[0174] ^-ty si-2 5 6 c\cmi&ztifdmnf& 

^^eyT^-trXSPS 1 -2 5 1 C^-A^V-r 
7^Xi§5 1 - H I SlcS-^Tffirt-rSnvhn-- 
;l/^5 1 -C S 9*itf7KUXfflf5 1 - AS 9tC 
aoTJB?»H»ta2tl*o-"«»«5 1 -2 5 9C«±, R 
* U ^ tifc^ k S B cDM JW6JR*^ 5 W<* A V 3 c0M» 

^rk = 1 7iSNosi»<D*n ; en*coi^T^fT'ra 0 k 

50 S§§5 1 -2 5 9 C»&tl^KIWS*«4. «y7>* 
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Xgff5 1-251 Ctf^-i^Vx^Xfl^S 1 -H 

1 sicg^Tffi^s^hn-rt'fi^s i -c s i 

043^tf7FU^m^5 1 -AS 1 O^T^^V 5 
[0 17 5] 5 1 - 2 6 0 Clef Sit £nfci£»*£ 

— £ 5 1 — D 3 t+\y KfliS 1 —50 3 (0 

2 5 w "toflMifciBia , r*«i*«u ^tuw 

-feXgfl5 1-251 Ctf*-Wyfy>Xfflf 5 1 - 
H I Stea^TtH^-rSavho-^Wl^S 1 -C S 
1 0^t/7Fl/Xi§5 I -AS I 0\cU^T{m>b& 
5i-26i ctLTWWUatu MiMTEteftSTctb 

£So 

[O 1 7 6] 03 Hi, 0 3 0 tlfcmB&mi^f 

— 2 5 0 C fc^BlflSfcSVTo 03 1 fcfc^T^ ^2#B 
ODy^- ^H^fl^S 1 - CMS ^ (n + 

i) ms<D^ti^^—^n^^t(o^mmmi^ t 

(n) T-feSo 

[0 17 7] 03 2^ 0 3OlC^$nfc*SSWC^3l/^ 

r> B#rawpaa>J^gP5 1 -7ocic<fct>iira«*i**y 

5 1 -2 5 2 C icfEISS nfc ^D>^ ^s^fi^^o 
B$fBfflfif 51 -2 5 0C, ^mc(IIS5 1- 2 5 8 

cfr^tij^ns^fiis 1 - AV3^tiWo 

B$H^R|ffliJ^gP5 1 -7 0 Ctt, »J5£#S<Oj*-3«'hB# 

«N aiJ^^nfc^HHBIx-^^JS 1-25 OCiif^ 
X*fttt«fcWLTXxy:7Wcfc£o XryfmzWl 

7£ztifc%fmMmT-ZF\ 5 1 - 2 5 0 c*\ *o»#§ 5 
1-25 5 c ic^TiojrrsRN/ 2 -Hh^M-ti 

[0 1 7 81.03 3^ 03OtC^*nfc*S6Wc43^ 

S;*^ey 51-2 6 0X£7V.X£®lBl1Eftfc:H&'3t* 

Tk:eii«na«4>«o— «5 1 - 2 e 1 c. T&^ts 

PBBx— >H5y>5 1 -D3^^ KIM* 5 1-5 0 

3 (02 5#BS) fcOffli^jBH-TSEIRSaL/. 

U 5 1 -2 6 0CfcE«Snfcx-*5U5 1 - 2 6 1 C 
t±. x-< X^^ttH^lSbfcfS^ffix-^^ b 

[0 17 9] &L±lC$Si,^T&, >Dy^fr 

— *8ES««2 0-4 0fc:f2IS2*rt^S+?-— aJO^?— 
y (a--W->2 0-7 2, yi/-3-K2 0- 
7 K »>*^KV-^2 0-l 2, 2 0-1 3ft£) 

[0 18 0] #lc N 01 <9 h9y*V^U*— 1 0- 
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7 icurr saw y hjc^i^TStwfSo 

[01811I34B-, M&T-fXir&Wlcts^Tb? 

y*z/#mw?zm&<D-m&momj&*7Kir 0 «»x 

^7^60-2 (02 l <D5 0- l A,'. 50-lB) 
ti. XfcTv F;l/*— * 6 0-8lc<fcoTHJfteKS!)£ti 
So fiB^t^ F 6 0 — l 0 (0 17, 018 
«*tLT^S) 7-^6 0-1 2iaoT$j$? 
tlx #YX3-f;V*-> (VCM) 6 0-1 4^<t^T 
jg»£*6tlT. K^x^X^6 0- 2lc*fLTx-£ 

[0 1 8 2] «Mx^X*6 0-2lC(3\ 0 2£#!$L 

ytreo-HfiJBffiStU h7y^6 0 — 4 iClifN y F 
6 0-10 (h9-y*V^tt«> ?%Ktb<D 

m (yi/-n-F2o-7 i) ^«9te c^a-t/zi/Kv- 

* 2 0- 1"2, 2 0-13) ^-tf^-Vtf^&fe 
■StlT^Se xt?yK;l/€- *6 0-8<D@ME!ftfcJ\ 
#J;Lt£3 6 00 r pmT^Kl^tlSo 
[0 18 3] »£«I«EII&.6 0-2 1 F6 0 

20 -l oom*«rii*BU b^y^{fcg§,MtfcW[E]gS6 0 
-2 3£ h7^*7Kl/Xf3^60-3 2 
Zo b?y#7 KI/Xf3- ^6 0-3 2fci\ A2lfl*§ 
^e>yu-r3-F^F^^^ZFUX^M^B(t)s MM 

<£>M£rfflfI*§£ LTffiH«*« 6 0-3 6 teffl^j-r So 
h ^ v 27teBKM8ttti[sI»6 0-23 te. A*fi^3^6 
9 * ^1/ K ^ fc»B-r'*«9Sr*lB U *y F 

6 0-i ocob^vZfrZoiirtiictij&isrc b^y*zs 

30 *6 0-3 4tC<fc9 A/Dg^tl, fitH^S6 0- 
3 6 tlSo ' 

[0 1 8 4] ffi«58£S6 0-3 613\ h77^7Fb 
Xxn-^6 0-3 2^0ffi^J^> A./D3^-.*6 0 
-3 4^tB^*TS K^^v^x^— S^fcfcidJJU 

[0 1 8 53 7^-F/Vy^^JffiIgP6 0-4 Oli. fitfi 

%*»6 o-36 frzoi&wmmt b ^ vtw-xm 

-41^ £KOffi«»*Sm#U:»LTP ID (Prop 
ortional plus Integral pi 
us Derivative action) W)VE (it 

mmftWiftmm *'<i *> itvxomasat e o - 4 2 . e 

0-4 3*3«fctf6 0-4 4 t N CtlSO«|fi8Rigom* 
**P»-rSllrt»»6 0-4 5fc*«*TVS5 0 
^^y^»JWSS6 0-4 Oti. D/A3VM-?6 0-7 
0*5J:tfB«|i«lB»6 0-8 0«:^LTVCM6 0 - 1 
50 4^ggffijL. ttSK'N? F60-1 0^h77^60-4 
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-ess. 

[0 18 6] m3 4 0*MH0ftMM0Wfttt* 
IBISSP 60-2 6*tt«7>f--K7*7- FSMSffi 6 
0-6 0*»W-;fcji£i:* C©7^-F7t7-FWai 
6 0-60«lBAOTt, ffifflfjf«lH]gS6 0-7 ST'ffi 

• gf$6 o-4 o^fflrt«^i:*ta*LTD/A:3 

6 0-70 IcMfrT SiDSCS a 0 - 5 6 tWJftjfite* 
3 0 C(Oy^{— F7*7-FiW60-60tlWt 
SflR£JUBin» 6 0-2 6fcim 0 2 1 OOUriHE 
i»50-2 6 (0 2 6€>iBMKEttt»5 1 -2 6) « 
WiSffl^SCJ:#M8 0 gp^> 161Ef»6 0" 
-2 6*c« v H2 5 7bMH3 3*#BgbT81flHLfc:cJ:^ . 

[0187] {■ftJUEttfl' 60-26 fcB*«nft7 * 

- f?*.?- F-r— '±e«? i ®m#<om*m!%M. 

ft#tm—<D*<4^WT&m'ZtU 7^-F7*7- 
0-5 7 £LTtttfj;*n£o c©«*H±* 
ttfflMHR 6 D - 7 5 lei QttHM QUB) tstiit 

*0©S86 0-5 6lcXA«ft5o *D»gg6 0-5 6 
ttC(Ofif*7^-F/Vy*lW6 0-4 0©ttlA6 
0-5 2l«:ftlJtLfcffe; A/D3^-*6 0-7 0* 
^LTVCMBWEWBeo-sofciflMfrrSo HW 
«S 6 '0- 8 0 fc* CtlfcjSttT VCM60-14 «rffi!6 

[0188] WMUEWB 60-2 6 ^©JWSx-* 

o-6 (M^tfiau^oy* 

[0 18 9] ±K«/S*fcSC ffii%4S6 
0-36. 7^-F/****MP»60-4(K D/A3 
y;^6 0-7 0 *5<fc If V C MBtt)i£K38 6 0 - 8 0 

[0190] 035^ B3 4<0^W*ffll6{fcLfc:7 
Dy^BTWo 83 5^ 60-1 5UiVCM6 
0-1 4*B»t"*H*3R , *'ft*>*7-/— K^^y^WW 

gp6 o - 4 o <DeaBM& 60-1 52 
svcm6o-i 4^ea^is. rttsaiF^^^x 

ipfc x li^s -y FtfSL d t* h 9 v fmto. y ttMMtt 
B. T*&D. ctitt. 4M08E«i:BI— U f f 
■tt. *^T*frfclc^b^7^-F7^ , 7-F©JPUl 

[0191] H3 SfcfeWSJSB^aric^d'tt, 3fc<D 
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d' = d + G (j co) • Uff 
[0 1 9,2] ±a©*tt1?tH»Lfc7-<-F 

7 -< - F7 * 7- F»JWH1* U f f 14, 

Uff = - inverse (G ( j co) ) • d 

tctcVs G'jCj a)) • inverse (G (j co) ) = 1 

[0 19 3] LfttfoT, H3 4 0*«WO*«t«lfc4: 

[0194] *S6Mfc43l^TW:±aLfcJ;^k:^ IBSlx ( 
-f X »»c F 9 y & *#JB«c <fc t? £ £ fe fc* ' 

. 0. 1 /imggWc^«U\ 
[0 1 9 5] GSfcfcfl S O- 1 0 0 8 9 (B) Ti£gS 
W-XttO 1 3 0 mm^g^M 
^t^X^C^TI* 1 3 6 7ffi<&. Sfc. ANSI- 
X3. 2 13-1 9 9 ST^S^nt^^V^l/F^ 
-^75^^0 9 0mmC0gC0)t«M7 f ^X^T^i. 147 

2ffio. ^n^eni?— sKABttw-r-f i hue ( 1 n) 

^60Hz T?H(E?*St, aR-r-^blfV^.y V 
30 ^L/-hti80kHzJ!;l88kHz^^5o cnic£ 
0.40k H z«TO»«*«rottB«W#6n*o 
[0 19 6] jm«^X*0CMf£fc/B^&ti&3fc 

1f tf- A*fH«-r UVX* * >f X 3 >f ;l/T* 

Elft*rSf£^^T*Sfc^, MX.tfH3 6£SfflBre 
^f^-plc. I2i£3 0 kH z-efflflffl fcfc&JidfcF 

©nKEa»R*6 0Hztt5^t, zvmmtffi 5 0 

[0 1 9 7] CMcttVT, &¥m<DmEmMt.t-$ti% 
F*««ft57-A^^;K7U V^TIiHteSffiic 

^y F»c43»S*&*Dffi«>T**<. 1 0 kHzttifilC 
[0 19 8] C<Dfc#>, a3 6tC«Sgt^tiaf^X 
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[0 1 9 9] b9y*V^^#JRO^f*©Wfll 
Lfttftitf ft fettle c<OC£lil 

[0 2 0 0] iSMc* 1t-#?R©*0#*BI3 6te:fe 
t*$S6 OH zUHS^T. 5OffiSft0fUfVL*PttSC 

[0201] bfrbaw6*»w«fc<fcntf. ±jfibfe 

±dfc/0iiJBiS«T*a6OHzli:43^T. 7-f-F 

flJfiMiU 0 3 7 ICiS?" «fc 5 iCx 6 OH zOMfcfttC&b'' 
T. Ji»Wk:^<aSo C4)7-f— F7*!7--F«* 

< t«>6 0H zOJBjft»fc*^T«, 5 0 0«©|IJ»* 
^jWe^fccl £lc£: 5 0 /im^OflM^rO. 1 
/i m tC«ffiT 8 C i: tfT * *• 

[0 2 0 2] -CO«fe^tCl5l(EJaiSSQS«Pfc*V^TO**iJ 

6 0 BP'S, i 3 6 ^T^L/ci^, 3 0kHz 

H3 7 0SWeiRbfc»&. 3kHz^^5o 
[0203] 3kHz* "e©ffiB««<DSak:<&B**9- 
v^y>y«WRtt^*XF©jSSfcJ:D. I(S6k 

^<D57bMi ofg^^yyv y^MMgt*6c 

COft»*fflfl»*>^ys/^«W*tt6 kHzXIO 
t60Hz=1 000 (1/^) ^^5c IP^^ lfli 

ffit&(D®L*8 4 0ffl*fcfcJ:4 2 0mtLtcW&fc$5^X 
[0 2 0 4] 55ttC* 01 #« 1 0- 

[0 2 0 5] 03 8ti, ^^h^y^^ttta-rStttiilHl 
BB<0— **tW©«J«*^bTt^6. 9>f>F93>/<U 
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->"7 0-lttt, mM2ncW5>77^tti 
■a8*fflBIIS5 0-2 •3©ffl* , r« h9y*y^X9- 

l fcttSEfc, fii£®£%£li]B&7 0- ZVaUl+ZW* 

t isXcDm&m&ttf^xtix^Zo 

[0 2 0 6] fiP%. 9-f>F93>/^U->7 0- 1 li 

i<ae»»i o-9icm^-r^o rams 1 0-9^*5^ 

[0 2 0 7] ^tC N 03 K^#^LT 
^yK»)3y^l-^ 7 0-1 fcfflffi|sll»7 3-3<D 

[0 2 0 8] Iffl^Xf ^/S 7 0- 1 iC^t>Ts 

Wffit"So (l<7)X^^7 p ti'>^>'F^a^/^U-^7 0 

VF'5'®ffH«iBX.fe&«* 7 0-2lC*5^ 

[0 2 0 9.3 ^ICXt^^S 7 0 - 3 ICit^K 

v^x^-aw***-/ > f^ <Dmm*mttmwim%itfi 
30 Fv-irtfBWE-ra*^: ob^vhsare) *>^y 

l»^3iHitt±-efes^g^«^^nSo »K3"ie]-ei± 

sH^^v^y yy#9YyF*oB 
H*a*Ti^^s^ww^snSo xt^^s 70- 

5tfe»5|IJ£t)NO^ai|^s Xf^S70-6 
[0 2 10]7f^S7 0-4fc6^ 9-YVF^ 

*fcttxf'^s7o-sm^ 3a£4tn^'9 : 

yyjvy©?^ 3 0#*>f >F9©IBH«iB*T^ 
l2SSgfli 0-9(c«^ti, IS®Si5i o-9lic^^;b 

50 n5o 
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[021 i ] w*>. c<DmBm<pm9L7*<<7>*iz&^T 
25kHz tmom^m&?titmT--2t>m*>ti% 

So 1 , ■ 

to 2 1 2] !>-fyF!>©BI*lB , l?ta*fct^ 

•>-f^F9©«*i2:<Uja€r*i:; iearrtKDy-rxaw 

[02 1 3 ] *t*±SRLfc*$fc, Bf3e©*SET*7 

[0 2 14] >!F5H4* S*tftB*tf I i^«: x - 
■3b^6^)*B i (9>f>'F*>^0 1/ / 2«)(B) *0. 7 5/im 

c£fc:J;tu Wttf l o G^®^irtJ^?>n/c^^lc^ jo 

So 

[0 2 1 5] ^OS*tCOl>TSiB^*rSo 

[0 2 1 6] "^S«*^y Fff&Qfflf&tlT^&T- 

O. 1 g cmttTO^ **y;i/F^-^©»>^U 
^a»»tf2 5kHz^80^ fi»ffl§©S/Ntf3 40 

IC^Sfn^rO. 0 7|imtt^t 3 1 d B 

o 

[0 2 17] 7~Lto41—\ J * l • 

0 6X l 0 3 gmm 2 ^U 7^12r^3 6mmt 
-TSo ^UT. 0. I gcm^)7-^7y/^yX^$ 

^a^B**04 0 (BUOfctx S/gy*#lOG 



6-259709 

ft,. c©Effl©»Hli»i. 8ms (4 5-9->y;W £ 

&£o 

[0 2 18] 1 0G<?»3 y^^fci3*tS«*0*7 h 
9y*tt* 0. 8ms (4 5 

o. 1 5f£ina±^nT»wan*8i*tt. u 6 2x 

1 0-*£&£o "<:n<fc t> 0. 6 /imCO*^ h^*V^*^ 

±#9>f'yF9 (0. 7 5ftmWrt) *tt-ftlTt>«fe 
cO^^m^nSSI^ti. 1. 6 8X10- 5 i:*So C 

<deib (4 5^v^;w Moffitoxirrs 4 

c^4 0(S^*^?>> ^7X10-^^: 
MfttMMtli'l 0- 3 JXT£fcSo 
[0 2 19]— 75", 0. 1 g c m<D7~ 2±7Z/'^>X 
tf&Zt&lC, 04 0 (a) iC^XolC 100G^ 

y^liB4 0 (b) tc^Tcfc-McftSo nBBfciCT'rJ:5 
IC^VF^OIBBI (±0. 7 5>m) «B**± 1 , 

2 /x m^*7. h 9 * * LT* 0 . fHfi5:#lfc*r £ 

[0 2 2 0] 04 1^ $/3y^WimlMOiBW*ie* 
Lt^ffe^SSo *7h^y>tf0. 7/im7!iM 
o. 9fimiKOKHlcfe^t*i, K«^/FWBo;. 
o 3 Mm/*yyu y^as^Btsc ^^«5o 

aanica/^xom-e^. F^^am^^fbu x 

FfcEWTS*^ «»<D*&*«ffi-LT > 0. 0 

[0 2 2 1] 04 2^, C<0«fc?fc:LT 1 0 0 G<9@S? 
tftofc&nfcWfrtefc^T, MRA? FW*7 h5v* 

0. 9 1 |im(?)t7 F9y*OttjftT*7 >7^>tf* 

o = 0. 0 7 Mm^jEtt^Kiae^t^tl/T, fiSM'N 
y F#B4 2(?)fllWc^oTWS^^ 0. 91/im 

S 4 If V!/;l/*x 3**>^l/«±tf'>>f>F^'(±0. 
7 5/xmJ^rt) *ti-rnfcfeOtLTttmStlSSt*«: 
95. 1 

[0 2 2 2] COCt^ "««'Ny F#B4 2tC*VT 
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0. 9 5 fim&LTOty h^y^(0iRmX\ *7h77 
[0 2 2 3] -5*^ 04 2^)0. 9 5iim<D*yh 

Itt), 0. 9 9 /i mWrt^43l^T*7 h^y^CD&tfJ 
[O 2 2 4] 04 S/N£3 1 dBi:U -/-fX 

T<£>0. 7 5 nm*m?trc'&. 4 l^y^H^O . 9 
*W 0. 9 5 /i mOTO^C^^TES^MtS C 

[02 2 6] 0 1 <DB£8& 10-8 4)#>T V h lC 

[0 2 2 7] ±2iL;fc<fc 5 (cLTf^^^ - * 
T^-F^TSOlc^ #JxJ£- 2, 0, + 2<9 30GDgji 

<BiCcfcS3tti^;^m73^#^^ns^ hmos 

[0 2 2 8] tfcoT. lOt3-KSSI4, 

3— K20-7 2, *tr^^S^20~4 1 a. h^y^ 
#§20-41bl, 2 0-4 1 b2)-4M<t5fc 

[0 2 2 9] ^CT% S/*;l/UX#v;*#5S**JflS 

T\ 0!IA.l£ TViterbi Detection of Class IV Partial 
Response on a Magnetic Recording Channelj IEEE TR 
ANSAT IONS ON COIWUNICAT IONS, VOL. COM-34, NO. 5, MAY 

■1986&HteE*S*lT^^ t*»8Wo o d <D7J)/dl 
yXAiMO&ftT^So 

[0 2 3 0] ciOjISta^nT^SWo o 4<DT)\s 

v^t^ux^yx (l, o, -l) ) iSfflift-»©^ 
->t;i/UX*yx (l, -i) tefefc'tirT. if^tfr 

4^-r, 

ttffi <- l > ->tt» .<- l > *otttt <- 1 > -►«» 



(21) #if6-2 59709 

<+l> (NB (a) ) 

«n <- 1 > <- 1 > ao«B <+ 1 > 

<+l> MB (b) ) 

tttt <+ 1 > <+ 1 > ao*« [<+ 1 > 

<-l> (MB (c) ) 

[0 2 3 1 ] CCT, fitTs 3^4*HD^«;W- 

[0 2 3 2]fl1* > WoodWl/^X^fccttl^ 

fcttTfteWWft 0->A) flWifc;*:*. ^^ifi^ (1 
ocation k) iOl O«oa»ft«tlfciflja 
(location p) <£<DJ&£ ( 1 o c a t 

ion k) JWU*«ffitSCJ:^t*> Ch* 

[0 2 3 3] 04 5ti\ <lcoj:"5ftWo odOT^rfU 
XASrflJfflLT. ttax-fX* -(H2fc*Lfc:7*-T 

k d isa*** 5 so-so o«tt8«**br ^ 

So 

[0 2 3 4] ijSr-fX*fr6©f^>fct-ftlll»8 
0-10 Sfttt 80-20 lcA*>2tV ^OfliRyU* > 

fc&> ^£lH]gg8 0-2k:*5l^T. «»SB8 0-itf 

[0 2 3 5] &*5, 0 4 5 mi. WJltyy^jai 
T5«iS[Ell»8 o- l OOMAtfRMnc^StiTt^S 

^M*>^;i/*&a , rs«iffliHiB8o-2-ot>iRi 

[0 2 3 6] J>lSfeJ&g8 0- 1 OlC&^T. KMf^X 
^frBOf- *tt* #J&tU8S8 0- i *^fflA^ns« 
Si^ (even/odd" 1 (BlC&^Tti. o d d lC 
(-) «r^LT^LT*S) ) JC*«SLT, fflSc^J 
40 ItV^/^^^^O^^^^^ON/OF F 
«X^7f8 0-l l*^VLT«WaiS8 0-l 243 

wi/^^8 0-1 3btc«*&^ns 0 ep^ kw® 

K80-1 2*5<fctfU> ? X*8 0 - 1 3 blcU\ fiSSvr 
[0 2 3 7] \si?X#8 0- 1 3 b«. lOHU<0%«(lfe 

*80-l 3 bK:fB«*tiT^«fflyp»«»UT 
50 ( (yk-yp) *iSILt) ,-ttttHR8 0-l 4 tcffi 
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[0 2 3 8] it«0BS8O-l 4«, Hffl"P**+2, 
0, -2, ^06880-1 2<QtfiA7 (yk-yp) . 



42 



tttftLT. St 2. 

[0 2 3 9] 
KI2] 



14 6^#^LT^-rSo 





y 


yk-yp^-2 
A 


-2<yk-y P ^0 
B 


0<yk-y P . 

c 




yp-*-yk 


y P — y* 
0^0 


yp-^yk 




new /9 = — L 
UPDATE =1 
DATA= 1 
p or k = p 


new 0 = * 
UPDATE =0 
DATA=0 
p or k=k 


new /S = 1 
UPDATE =1 
DATA=0 
p or k — p 



[0 2 4 0] C^3] 





A**fr 


yk-yp^o 
D 


0<yk-y P ^2 
E 


2<y k -y P 
F 




y P — yk 
y5 1 


yp*yk 


y P ^yk. 




new j9 = — 1 
UPDATE =1 
DATA=0 
p or k = p 


new 0 = * 
UPDATE=0 
DATA=0 
p or k = k 


new 0 = 1 
UPDATE =1 
DATA= 1 
p or k = p 



43 

[0 2 4 1 ] <lclT\ S2£fctfgt3lC*Vr<fc9fc: > Jt 
&le]BS80-l 4 ZVUtflZtlZ I &&Zf- 1 <D 

c->t) -efc^fc*** /stctii^^^h^n-> i 

[0 2 4 2] l/^>8 0- 1 5&. HS*AP L L <fc 
5ffl*Sn8PLL*Dy**IHKU fHRffik 

7y >^b$#J) *etfr* 0 8 o - i 6 it 

K(eIgS8 0- 1 4 tffflfc-rSJBBffStf* (UPDATE) 
UlWlSLT. -U^X*8 0- 1 S^ffftfik*, p (1 

o - 1 7 ti. jt«iai»8 0-14 tfmti-rzMffl&T} . 

(p or k) lC*f)SbT> U>>X>8 0-1 6*>*fBS 

*r*«Px u^x^so-i stftatrrsffik 

[0 2 4 3] RAM80-1 8 li\ S1MhI8&8 0-1 7 

8 0 - 1 4 35P&©ffl*r p -* (DATA) ***y*>l/ 
fcflte&fe. WVJ80-1 9te. H**AHBtfai 
W5l¥^n7^^1^^t, RAM 8 0 - 1 8(C» 
*a*ti*x-*«»*fr« (**yh7v/) U R 
AM8 0-1 8li. ^^^80-1 9<0fr»ffifc:g*3 
1>T. ^^^y-fe;l/^^0'r--^^#€ii^)b^T , rS 

^ty-feWf-^SH^ -&J58HK8 0-2 
ICiMffi-TSo -&«@»8 0-2tt, ffl»iB8 0-l^ 
£<9#MSfI*§ (even/odd' 1 ) ICJS^V^ 

i»8o-i ofrz<Dm&&iy'v7)\'*s&uiam®Kt8 

[0 2 4 4] l(D04 5^fcfc*9 35:«fiK%ffll^ntf> 

RAM8 0-1 8^rffl^C*r^iS^*^o 
[0 2 4 5] S/7H/yx«J»BB80-3^ tfJSS 
[h]K§8 0- 1 fr£<9#]^fl^ (even/odd" 1 ) . 

*aais8S8 o- 1 o*>e^s*f^r^ (update) £ 

m^x-^ (DATA) . *J:tf«31ElB8 0-2pfr 
6©WfftlM> (UPDATE) tfoJjT-Z (DAT 
A) %ffi^T> ±3&tf>Wo o d07)l/dUXLfcI^ 

[0 2 4 6] c©04 SOEBHcWU 

[0 2 4 7] t>$> 0 4 6 IC^f <fc "5 (A*ift 
JB) 0 4 5 ^S^IhIK 8 0-80 k: X£l2titcm&. 



(23) W6-2 597 0 9 

Jt«lHl8S8 0-] 4te. ^2^S3^«foT^ 
y P = -2 N 0 = - 1 £*T5o 

[0 24 8] <k = 0 : A*yk = yo= 1 . 6 ; y P = 

-2 ; 0=- 1 (Dt%> 

yk-y P =l. 6- (-2) =3. 6>2&(DT\ XJl 
«* 3 ©^'<*^:/F tetter*. ±A*0 
(KTs ilSd i v e r g e n c e fclr^) V$>2> 

*fcB«!D *JE*rl/Tp=k = 0fcU U^8 0- 

1 3 bT'yp (1 ^wojfiiWfeeftWlaiicw***^ 
:/;WH). = yo = 1 . 6t?2>o 
[0 2 4 9] <k= 1 : A^JyK = yi = 0. 2 ; y P = 
l . 6 ; 0=+ l ; p = o<D£%>, 

-2 <yk-y P = 0. 2-1. 6 =— 1 . 4^0*« 
T\ A*t±*2^*ff/^^->'B*C»0-rSo o$t>> 
sFfi'^t^vCtlCftZW, l/^80-13a 
i:80-l 3 b£>/5, y»tt*-4).S££U j§#ilHlB&8 
20 0-1 7tl/^J8 0- 1 5C0fSttfitk (= 1) £ril 
«?U RAM80-1 8(07Fl/Xk (=1) icf*— * 
(RAM data) 0«*«3&tt (k= 1 fcfettSx 

[0 2 5 0] <k = 2 : A^)yK = y2 = -0. 2 ; y P 

= 1.6; j8 = + l ; p = o<D££> 

-2<yk-y P = -0. 2-1. 6=-l. 8^0&£> 

W>«fc<^5 1/^X^80-1 3 a 

^80-1 3b^|3, yp«*0**i:U 31*50^8 
30 0-1 7"Pl/^W80- 1 5<E>f2tSfiIk (=2) £rjl 
S?U RAM8 0-1 8©7Kl/Xk (=2) Ulx— * 
0*»*iiCf (k = 2U::fc#£^-*<9iSJl£:0£LT 

[0 2 5 1 ] <k -3 : A^Jyk = y3= 2. 0 "; y P = 
i . 6 ; p=+ l ; P = o<o££> 

yk _y p =2. 0-1. 6=0. 4>04©^ Aftli 

i v e r g e n c eT?*S^ fu^fi y p 
yklcfftn/c (yp<yk^ftofc) C£Ulfc5o IP*^ 
40 k = 0 (p = 0) Ic&^T, ±A'e^nft (P=+1) 

^SJt^^^^fT^^X-efeofcC^JCftS (k = 0tc4o 
^t, ±(Rl^^^43<lo/c^ k r§^. k = 3tC^V> 

[0 2 5 2] *CT% JiJR®gS8 0- 1 7tk>*X^8 
0- 1 6<DfE1glifp (=0) «ril^L. RAM80-1 
807FWp (=0) Jcx-*0«:»*i&«y (k = 0 
Icfe^S-r— ^Oiaa«:0 ^LT«§tS) □ *fc U 
50 2/X*8 0-1 3 aO(l*+lfcU Ui^X^ 8 0- 1 
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Tp = k = 3£U ££>lC U>>X*8 0- 1 3 b<QfS 
tfMByp*. .yp = y» = 2. 0£*T6o 
[0 2 5 3] <k = 4 : A^yk-y4 = 0. 2 ; yp = 

2. o ; 0 = + i ; p= 3<o£€> 

^2<yk-y P = 0. 2-2. 0 = - 1 . S^Oft<D 

7* N k (=4) ^IRU RAM80-1 8^7Fl/X 
k (=4) iC-f— *0£S£i&ty (k = 4lC^5f- 

[0 2 5 4] <k = 5 : A2/yk = y5 = -0. 4 ; y P 
= 2. 0 ; (5=4-1 ; p = 3C_fc*> 
yk _ yp = -0. 4-2. 0=-2. 4^-2ftOT, 

A*K*«2©^><*-vAk:*t^rs 0 oso, Tft 

£<E>d i v e r g e n c et^^^ ffiGHRfiiliiEL 
frofcCfclCtfce (IP*. k = 3 (p = 3) JC^3l>f. 

5) o tot, RAM80-1 8©7FUXp (=3) 
ic. 1 ^S^iifr (k = 3lc43tt5x-*£ias 

Tp = k= 5 £U ££fclyp = y5=-0. 4i:t5o 
[0 2 5 5] <k = 6 : A#y k = ye = - 0 . 2 ; y P 
= -0. 4 ; 0 = -l ; p = 5(D£¥> 
0<yk-y P =-0. 2- (-0. 4) =0. 2^+2 
&(0X\ A*tt«3^^/<>-^Ek:»JB , r*o O* 

£T\ k*iRL> R AM80- 1 8©7FI/Xk (= 

6) lC"r—*0 (k = 6fc*5tt^7 :f -^^rlra 

[0 2 5 6] <k = 7 : A^Jyk = y7 = -2. 0 ; y P 
= -0. 4 ; /3 = -i : p = 5(Dt^> 
yk -y p = -2. 0- (-0. 4) =-1. 6^0&<£> 

TfoI^Od i vergenc eTSS^^ fuO^itf 

mnrccticte&o ep*. k = 5 (p = 5) ic^r 

45©^ RAM80-18O7Fl/Xp (= 5). IC. 

p = k=7i:U 2^cyp = y7 = -2. 0WS o 
[0 2 5 7] <k = 8 : A*yh = ys=0. 2 ; y P = 

-2. o ; /?=- 1 ; p = 7<D£Z> 

yk-yp = 0. 2- (-2. 0) =2. 2>+2&<Q 
T% A^ti^3^^^^VF^iS*r^o o£tK 

^fcci:^^ BP** k = 7 (p = 7) fcfc^T 
W\ Tft*o«##*Cofccfcte*S^T. R AM 8 
0- 1 8^7 KUXp (= 7) \^t—Z 
(k = 7k:mf^*Bii tLta^tS) o * 



<24) «P8BT6-2 5 97 0 9 

fc, '^+UU y P = ys = 0. 2£T% (04 

6) o 

[0 2 5 8].ttTs WfllteLT. Wo 9 d^7;l/rfyX 
f)K RAM80-1 8icmyKW%7&*nz>o . 

[0 2 5 9] R AM8 0- 1 8 0d*tfB4 7 tC^^T 

i \zy h<omm^^mWi(o^^v^^Don 

SDn£. 7FUXf3-^8 0-3 1i:, &**rU-fe 
^D07iMpnJc^bTEB?nfc#^ji^Wmi8 0 
70 -3 2-07!jM8 0-3 2-n^JC<fcoT«l^nTV^o 
*fci. ^y-tr;l/D07}MDnU:te@4 5 Ic^Tit&lfilBS 
8 0-1 4^'ir-* (DATA) #4Tt«»?n* 

[0 2 6 0] 7FUXf3-^8 0-3 1 04 5 

tc^-rS^lUK 8 0 - 1 7 •frZWZ.&frT F A07!j 
SAn*m^n> 7F1/Xfa-J^8 0-3 1 ti#^ 
3i^7Kl^XA07!;MAn^xr3-KL. &ie^b<0{I 

20 8 0- 1 4 frZCOfR&O)?—* (DATA) WfiB«Stl 
[0 2 6 1 ] C^ct^lcbT^^U^^DOT^MDntc 

[0262] c<ombmi>*'< $>?*m®LWi <«* 
a, j^owo.od^*«k:ia«sftfeatB) titK-r 

30 £o 04 8 (b) fc*S£|H]B8 0-8 0 IClolf ZftiZT* 
RAM8 0-1 8A(Dff^^7M7^ 
f><7^S^ N I DgP^(D^r3— Ktfff4>tU £TO 
f-^^f f M«7tS R AM 8 0 - 1 8frS 
OR»HlL'f*^^W7*f^7lc49Tf-->«« 

[0 2 6 3] dtl^ 04 8 (a) tejR^ftfcflli: tt« 
*T££. #^3i^^TLfc^Cx-^^R AM8-0- 
1 8 3^6tt*»*>**^OiIK»IBI**«»c«6-rc.^ 
#-C*3o &*5. ^^U-fe;l/D07!iMDn^LTti. #R 
40 l£ 1 If y h coy U y 7:7 d y 7%m\<\ »*i&#*»JW« 
f^*a'^|c^LTAAt5^t^«^«J;9> ffi 

[0 2 6 4]fi£-?T. C^O.fc^^lf^tHlKSO-SO 

* x «it«f i dib^«2 o-4 1 H&zwmftizmm 

© W Wft *a < ff -5 c ^ tf"?* ^ <fc "9 ^ 

50 [0 2 6 5] fiftRtf. h^^#*§&H 
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48 



[0 2 6 6] Sfc, 4lfyht-aKRAM80-18 
RAM80-1 8/)^^fflL*%S^t/)^I*ffl 



G (x) 



J + x 12 + x 5 + 1 



*W***WSG (x) =x 16 +x ,2 + xHlTiS 

$ foi^f-? -fe** i b&£)* © 

[0 2 6 9] «?-CT\ 0 4 5^S^[HjK8 0-8 0CD-> 
:ZhU^X*^lElB8 0-3lC:tel>Tl;J\ #J&IhI8&8 
0 - 1 fre><£>#M£f§*§ (even/odd* 1 ) . ©SleJ 
B80-10^^ISfM (UPDATE) tOttr 
-^'(DATA) . fe < fctf«BBE!B8 0-2 0^6©je 
»TfStf* (UPDATE) (DATA) 
^T. x-*£r«^ *T£££|iJf$^ C 20 

R C «W*fT5 * 5 fcftiht^S. 

[0 2 7 0] CCP> JMT> «*W*v^*«!H-rs 

®si5iK8 o- 1 o cojt^iHiK 8 o - 1 4^e>m^j^n 

^UPDATE, DATAiai. ^tlfetfABRJU*^^ 

:Se?Jl]<0«»fcL_ e v e n^LXmttt^lC SRR 
9J-9->y;l/*<flffl"rsffl.ffilHlg88 0-2 0^Jt«miS 
(fflSlElBS 8 0-10 ©JtRlHlB 80-14 ic*t/s*r £ 
BB) ^6UMn5U P D AT E, DATAfcfc*. * 

-To 

[0 2 7 1 ] SP^ C R C«mc*3»5^^*5£<0« 
iS#»£J "fcbft«*. $/7hU5>X*»WIJB8 0- 
314, 0 4 9lCaVr£5i^ IKttttStlK:J + 2fld7- 
Uy^P^yDa^iJlSDaJ, Db-iJljMDbj, D 
c-,7!jSDcj, ^fctiDd-iTbMDdjCOffltc. J + l 
ffl^-trU^^ S ao7!iMS aj, S bo7!;3£S bj, S co 

;l/lc8K?n^«l>;VD- hV^UT;l/->7 h L^x 

[0 2 7 2] 7U 'V^7D7yD a-ittMD aj, Db 
-i7bSD-bj, Dc-i7!jMDcj, 4o«ktfD d-i T^MD d 

«n8r-?*?y*tSo -fel/**S ao71SS 
aj, Sbo7!;MSbj, ScoTiSScj, £ l£ S d o ft 

MS dJ«. ««IhIB8 0- 1 *p£<0«J&fI*f (eve 
n/odd" 1 (04 9tC*5l^T^. oddlc/^— (-) 

*f*LT*LT*») ) > «HH»8 0-10fr6OU 50 



[0 2 6 7] £C3T\ -fe**S*t> 
let*, mSttfa±<D*:«K WtfCRC (Cyclic Redun 
dancy Check) «F9aHOK9*HJ«FW. iimttin* 

[0 2 6 8] SP^. C R C«F^OSt«*aSCG (x) £ 

• • • (80-1) 

P D A T E even,. DAT A e* v e,n N *5&Z?fa 

I|5]K80-20^P)©UPDA.TE_odd' I DAT 
A__o d dlCg^T, A^n5 30©i^H^ 
6lo*aRLTfflAt8. 

[0 2 7 3] CCX\ j&OmV&s C R C*»te43*t 
*ftJ«^3Ba*> WiS© (80-1) jJfc^CfcG 
(x) . fcfSo ttoT, 1 6tt5o 

[0 2 7 4] ?f>^ C<05/7 hUv^SSSlilBS 0 
-3lc:fcl^Tteu 7'J y?yw7D ao, D bo, Dc 
o N l/c«Ddo^; *feU**Sai, Sbi, Scu £ 
fc«S di ^OBfc. XORy-hS 0-4 1 aftS8 
0-4 1d^ 7 1 J7^7D^7 p Das, Dbs, D 
C5. £7e:liDd5£ N -t?U^* S ae,' S be, See. 
£7ct±S 4%£<DM\C, XORy-h80-4 2 a7!jI 
80-4 2dtf, 7V^^7qy^Dai!, Dbi2, D 
ci2, &rcl*Dd\z£, S ai3, Sbu, Sc 

13. Sfc&S d^t<om\^ XORy-h (0/f^f) 

^n^nstf&HT^tu xoRy-h8o-4i 

a7bS8 0-4- 1 dtefc*. 7 U >y 77 n y 7* D a 1 6 , D 
bie, Dcie. ^^ctiDdieCOai^^n^nA^^n 

[0 2 7 5] Sfc. C©^7hl^X*»*BB8 0- 
3Tni, XORY- h8 0-4 1 a7!>M8 0-4 1 d<D 
&tlt>\ XORy-h 8 0-4 2 aftM8 0-4 2 d 

7 1 J7y7D-7 7 , Dai2, Dbiz, Dcu> £fcti:Dd 
\2t, -tUZZS aia, Sbis, S en, ^fctiS di3 

[0 2 7 6]^T, hU5>X*WH§lB8 0.-3 
£0 4 O© a TbSd ^JljcOi/ U 7 r ;l/->7 h U^X^^tl^ 
tltt. (80.-1) *<04«*j»S*c»«f 6 C R C m 
n^fto C R C ra- KlHjgg (H^-e-T) tc-feU^^^r 
R^StfcfcJc:, 2 0cD7 1 J^^ > 7a^y 

[0 2 7 7]o£tK Zs7 hUzsXZfiim\s\&S0-3 

(8 0-1) Stvf^nS^SSG (x) lcttc5^ 
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[0 2 8 1] ^LT, W&ISI188 0- 1 frt><DVmfm 
(even/odd- 1 ) tfill (HM;l/ 
> #M[HjgS8 0 - 1 O^^UPDATE 
_e v e nfeWDATA^e v e n ICg-^toT&Stf 
ftfrtl, £/c, 9J&Ih]&8 0 - 1 fr^CDWWlfm (e 
ven/odd^) .^I0T^i& (Ll>^;l/T& 
s 4^(11888 0- 2 0^?>£>UP DAT E_o 
d d*5<J;tfDAT A_o d d IcS^T&lltf fTfcn 



[0 2 8 2]BP^, S/t7Hy^X*a»eiB'8'0-3k: 
ft^Ttt. *-rH^«to«^*«EIIi5Tx «J8MsII88 0 
- 1 fr6p«»«9 (eve n/od d" 1 ) , JESIslK 
8 0-1 0^©UPDATE_e v e n4o<fctfDAT 
A__e v e h v Mtffc«JSI§IBS8 0-2 0*^OU P D 
ATE_odd^J;tfDATA_odd^5> 
*$tl2>4~0<D{im (in.put_a, input^b, 
i n p u t_c, inpu t_d) #£#c£tl£o 
[0 2 8 3] 



[0 2 7 8] Sft, S/7hUS;WSWHR8 0-3fr 

& y %<D®m*. aasmssso- 1 oa^^updat 

Eleven, D A T A_e v e n, *5<£ IFSDSEIB 8 
0-20fr&<9UPDATE__odd, DATA o d 

[0 2 7 9] ^7 bU> ? X*ig»lH]E§8 0.-3 i0 So 

[0280] &L±<D&oicmi$ l znz>i'y M/^x*a 

ICSES 8 0-3lCti> ^*T±^c0^2*5J;r/^3^b^ 
tfoT. $0SlH]g&8 0- 1 0£7cte8 0- 2 Ofr£, U 

PDA TE e v e n, DATA e v e ru Hzfcltl) 

PDATE__od d, DATA_odd^ *Sfc«J« 
SR8 0- 1 ^6«J»«9 (eve n/o d d" 1 ) 

j nput_a= (even/odd- 1 =1 ) *UPDATE_even+ (even/odd- 1 =0) *UPDATE_odd 
i nput_b= (even/odd" 1 =1 ) *UPDATE_even. 
i nput_c= (even/odd- 1 =0) *UPDATE__odd 
input_d=0 

(even/odd- , = l) li x even/odd" 1 ^ 

x fill even/odd-'^lOT'S 

(e v e n/o d d" 1 =0) *±; even 30 
/odd-'^Ilt'Sn^ fifflOtaU, even 

/odd-'^siab-efentf. i&si^fcSo 

[0 2 8 4] SfoT, inpu t.__btt. flMftja^^^ 

;i/©£-r ^ "v^te*i^T©*w»a.. jQ.aiHiK8 o - 1 

0fr£tB;fr2n£UPDATE (U P D A T E e v e 

ri) — <9ffi£&tK input„c^ SFRJU^v 

^^^^y^^^T^sr^ *aa@8S8o- 

2 0^5UlA?n5UPDATE (U P D A T E o d 

d) t\Z\—<DB£'&%o ££tC, i npu t_a&> ffi 

1 0*^H1*^WUPDATE (UPDATE ev 

e n) tm-(omt^K>, ¥srniiv->y)v<D*«{^is? 

iC^Xlt. JOSHES 8 0-2 O^&tH^^tl^U P D 

ATE (U P D A T E o d d ) ^ffi£&So i 

out_a= (even/odd" 1 =1 ) * (UPDATE_even=1 ) * (DATA_even=0) * i n_c 

+ (even/odd* 1 = 1 ) * ( (UPDATE_e ven= 1 ) * (DAT A_even=0) ) " 1 * i n_a 
+ (even/odd- 1 =0) * (UPDATE_odd= 1 ) * (OAT A_odd=0) * i n_b 
+ (even/odd- 1 =0) * ( (UPDATE_odd=1 ) * (DATA_odd=0) ) - 1 * i n_a 

[0 2 8 9] 

out_b= (even/odd- 1 =1 ) * (UPDATE_even=1 ) * (DATA_even=0) * i n_d 



nput_d^ tlCO^^So 

[0 2 8 5] 4"P©If inpu t_a, i n pu t_ 
b, inpu t_c N ' & fzl± inpu t _d ti> l/y h 

u^x*«jwg»8d-3 (®4 9) (owmcDyv^y 

[0 2 8 6] yy y?7D77D a-iT^MDd-itC^n 

^tlXtl^tlfc inpu t _,a , inpu t b, i n 

put_Cs£fctiinpu t _dte, ^D*y^tf)£^f 
Ills? Z Kit LT$i&(OyV y^ytiyyic 

[0 2 8 7] CCT, "feU^^Sai, Sbj, S cj> 

s^iisdj (j=o, i, • • •', j (j&mmicis 

l^Tfcfc* ±j$Lfc<fc-5^J = 1 6) ) T-t±. fu©fr£<£> 

^ft^tli n_a, i n__b, i n_c. £ 
fete i n_d t U1tifr£. ^icbfctf ofcm*f o u t 
a, out^b, out c» £7cteout d^^ 

[0 2 8 8] 
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(27) 



6-2 5 97 0 9 



[0 2 9 0] 
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+ (even/odd - 
+ (even/odd - 
+ (even/odd* 

out_c= (even/odd - 
+ (even/odd* 
+ (even/odd* 
+(even/odd~ 
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[0 29 1 ] 



=1 ) * ( (UPDATE_even=1 ) * (DATA__even=0) ) " 1 * i n_b 
=0) * (UPDATE_odd=1 ) * (DATA_odd=1) * i n^a 
=0) * ( (UPDATE_j)dd=1 ) * (DATA_odd=1 ) ) - 1 * i n J> 

=1 ) * (UPDATE_even=1 ) * (DATA_even=1 ) * i n_a 
=1 ) * ( (UPOATE_even= 1 ) * (0ATA_even=1 ) ) - 1 * i n_c 
=0) * (UP0ATE_odd=1 ) * (DATA.odd^) * i n_d 
=0) * «UPDATE_odd=1 ) * (DATA_odd=0) ) - U i n_c 



out_d= (even/odd - 
+ (even/odd" 
+(even/odd^ 
+ (even/odd" 

[0 2 9 2] 0 - 1 l±s 0 

£ D bp*>. o o nomw i -estitf. 

[0 2 9 3] ±5£fr&> hU^X^a»IUIS8 
0-3lC*3^Tfci\ *aHlsH»8 0-l O^^tOUPDA 
TE_even^*WDATA_even, MtftcfcM 
©Eg 8 o- 2 Ofr£<DU PDATE^od d^t/D A 

TA_odd^ t*»8'>y7;i/S/7H/yx>o 
$$l GELWU) *«Wil«*u 2BR«nfcJRWO^U 
7;l/->:7 h \s*J7s*<07 U *y 77 n y -y ^?tlfc 

[0294] m$$fc, c<ofy hi^x*«wigi»8 o 

yV V7yvv7D ao7!)MD do<Dfotl£<DXOR 
ti\ XORy-h80-41 a7I/M8 0-4 1 d°Vh 
ft, -feU**S ai7?/MS di»cf tifnA*5tl5o 
[0295] -££>K, XORy— h80-4 1 a7?;M8 
0-4 1d'OB^ ^%3\T3^d^n(O^VT)Viyy 

(DXORt>\ XORy- h 8 0-4 2 a7bM8 0-4 2 
dT*££ft. ^U^*S aeJb^S delC^ft^ftA*/* 

XZcom^toyV y^7Dy^D ai27bMDdi2<^a 
ft£<OXORtf, *<07U 7^7D7^D aiz^M^ 
0;jv£&-trU^*S ai37!;MS dn^.^lc^ft^ftS: 
IteWXORy-hT^^ «rl^*S ai371jSS 
dialC^ft^ftA^ftSo 

[0 2 96]SfoT, cl^Ov'^hU^X^^SLleJgSSO 
-3lC*5^Tli\ (8 0-1) STv^^tl54^«S 
tcS"C5< C R C«»tffT*>ftSC fclCftSo 

[0297] ££3T% /^->t;i/ux*yx (1, 
o,-i) *i£*k:tt*rrsfc:«\ s^-ra-r-^ (tf 



=1 ) * (UPDATE_even=1 ) * (DATA_even=1 ) * j n_b 
=1)*((UPDATE_even=1)*(DATA_even=1))- t *in^d . 
=0) * (UPDATE_odd=l ) * (DATA_odd=l) * i n_c 
=0) * ( (UPDATE_odd=1 ) * (DATA_odd=l ) ) - 1 * i n_d 

T% — jfttttel 1 ^ay^^j»^t)fcf^!lD^ftSo 

[0 2 9 8] CObUUX^ffl'rS/ta6C)2e^ 
W9«4. CRC«^fT"9^^S*<x ^T^7h 
U^X*Stg®BS*8 0-3T-te, /r-*^:/n^<D$| 

1) lc»fS?^5 21?y h<0-r— a^5lJ7!;Md^5iJ 
^:>iJ7;^>7 h I/^?07'J y ^7P * 7 D a -i 7b 
IDd-it, DaoftMDdotlC^ft^ft^y^ftfc 
B^K^T. 7U vZfyxny^D ai7!>SD aie, D 
bi7!;SDbi6, D c i J11D c ie, *5j;tf D d i 7!>MD 
dieOL^ft^c^y^ftTl^* 1 6l£y HcB^ 

[0 2 9 9]EP^, 7'J y^7Dy?D ai71MD 
aie, DbiftMDbie, D c 1 7bMD c i e. to &ZfD d 
JO iJ^MDdietO^^Ot^-rftTb^C^^^^ftTl^ 1 6 

fc£yh<D?^ ^"Tfta^lf -y h*>VOT*l/>#a\ 

C R C»JHS*fc»LT 

&2ftS 0 

[0 3 O 0] JX±<0£5lc, i/^ hU^X^SS»lslK8 

>w>y b uvxz*mj£*?2>ffii£WiZtitcyv yfyv 
v7mfo, %<oyvv7yT3y7(DmtiZ5L><Di%fotto 
40 ^affi^starsxoRy-h^ cRcag^i 

i:LTJ^t^«ffll/ci^ ffi^^X^asi 0 
-2fr£co^— ^^^a^^^S^tf^y 04 5 
©S£@&8 0- 8 0lc AftS ftTfr^ J-l^n^y 

[0 30 1 ] BP%, 050 (b) ^t-cfc^tc^ if^e 
CRC^i:^|llB#^tT^ftSOT% -r-^O 

IS 50 [0 3 0 2]t¥-pT. 05 0 (a) lC^T6f3K75^^<fc 
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^ra^^-v *y y (Wix.tfs 0 2 <o i Dte^as 20-4 

1 H£-r-*fB$SSt#2 0-4 1 D£<DM<omm. 
lrM±, F20-7 1 t I DfHS®«2 0-4 

[0 3 0 3] fc*5. tt±OS/7H/yx«)HlB8-0 
-3^lttW^^(/>Tli, CRC^«c?SS^ (80- 

1) stvTN^M^^^fflt^ cfticpi£ft&k<o 

©9»*«KtSfc^fe^ XOR<9{@&£J?A&B* 

[0 3 0 4] JM±^H*BIIS8 0-8 0*4. I 

DgB#©-r3—' F/ctf < , "r—Zffl&oiT'-Z (0 
2^-r-^IB^*S2 0-4 1 DlCffiSSftT^S-r-- 

[0 3 0 5] Hi ©Efi^ 0-9teBrr£3JW 

[Q 306] H51^ ««x>rX*««^£fl^«Ji)c 

^ a *y ^7 QjUcdTc ^ tf^a&ES* ft 

MH-r-f X* 9 b- l (02lc^L;fc<fc 5IC7a— v*y 
hSftTV*) fcr-**EilU SfcESSftX^* 

x-**iS3rrs. mmn&mmtt tw?&ih-# 

[0 3 0 7] ft^ CO««r^X*8II4, fflt^-r 

^x^9 0- 1 **B*-raft»©iift^y F 

9 0-1 1 at. nS=r*V K 9 0 - 1 1 a Tff^Sftfc 
B4f§^gt5I47y^9 0-l 2£, W£.7> 
79 0- 1 2T*ifilg^ft^S£^^X^ 9 0 - 1 

£/#"rs^ny^£j£lHlE&9 0- 1 3 ?ny*£jSg 

0- 1 2*^©B4if *^r-^?^S*t^f-^ 
«|||hIIS9 0-14 i:^Sin^o 
[0 30 8] XTc. *n^^^iSKlHlB9 0- 1 3fr£><0 

fi^*tu* , ra*-< '5^^*018 9 0- 1 5£, Aft 

2ft£-r-£ .(Hi fc*5^T> E»ffln 0-9leAft£ 
ftai5«(l#fc*WSU ttTV-Xf-i'tv^) »I3 

ES-r-*5l^lelB9 0-1 6^, fBS-r— *58£0K 
9 0-1 6 3b^^fE^f f -^^r3i®'r^/^l/XiiJglHj^ 
9 0-3 0 2&lC/^XffiiBK9 0.-3 0 

TjfgSftfcES^-**««^** 9 0-1 ICfgfS 
t*ft»OE»^y K9 0- l l b£, /^XiBBHR 



(28) W6-2 597 0 9 

9 0-30 7SS2ft^Gflt7 f -5ricS^^«K«e 
■hy F90-1 1 b»C«|&'raE»7y^9.0- 1 8 
a, x-*«!@lHl689 0- l 4*6©B»^y F9 0- 

i l box-fx^sKrifttewtsttB (jaT^^KffiB 

flKBfc^d) ^S^^T/^l/XaSl5lK9 0-3 0C0)i 
gfi«r^Jffll'rSiiffi^M©JfflIlsIK9 0 — 20 ££r^TLT 

[0 3 0 9] 01 7 £01 8«:#KaLTSlWLrcJ:-3 
ic. SS^y F'9 0-llatt, ^a^Sfcift^r* 

F) fr£&£> iBh7F9 0-l 1 b«a«©«lSC^ 
-y Ffr&fttK F90-1 1 a^ES^^ F9 

0-11 btt*Oj6ft^fc43l/>TEI*L^»)llftTE 
■«*u ctiS^Si^^ F9 o-i l afcSBS^yF 

9 0 - 1 l b tt, ffiffEf^£#«S<0^ F90-1 

1 «lTV^o 

[0 3 10] — XtfVF;^— ^ (059(0100 
-2 l) lc<fct>> -j£<0fc*K (fe*U *0'y*/§i& 
m* s S— v«k:ia9#*£ft£^<b^&v>:— vtf *y hu 

20 3-^Vd0TliieB»«ftS««^^* : 9 0--l 
05 2 (a) IcttsT&vIc. H4iR«fc:K»&ft 

^yh90-2 (B2<Z>7*— *ES«#2 0"-41 

d) raic, m««ttJi«xyf-vyaH©#js*ffl^ 

mzMWiCrc?X3y?^--?9 0-3 (02CO2 O-1 
1) 3b^a&JBjS*ftTt^So fLT, Cft&G>*.Oy* 
Y-^90-3^ — #ftte*8K«{bSftT*!). iS« 

50 1 0 0 0IM (±3SbfeWC«8 4 o@m) -H^ftftT- 

[0 3 1 1 ] fit, ff^-y F90-M ali, 
^•bW>h90-2 teffiSSftT^Sx-^fcfflS'r 

7^90-1 2^lT*O*y*£/£[H]gg9 0-l 3 

atf^-*««iHiK9"o- 1 4^«)f&-rs 0 

[0 3 12] ,^P7^M9 0- 1 3fc*> mtfH 

2 1 «:#RaLTKWLfcP LLHJSS5 0-30^tU 

40 ttny 9 o~3\cm^^n±mmcm^r 

[0 3 13] T*t>*>, #J;U£0 5 2 (a) lC^r<i:5 

P7^^9 0-3^St«t, 0J*tf!B5 2 
(b) ICijrT £ ? ^a^y^V— ^ 9 0-3<Dm'&<D 

xy^T«3i»«*^s?l*fi^iS*sfta- > 

^^y^£@K9 0- 1 5&. ^a^yi7^^K90 
-1 3^?,«*&^ft^i7a^y^*ftSLT, 
£:fc£lC^P*y^-^ 9 0-3ic^^*TSH^^ 
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9 0- l 3 ic {$S&f 3 i:#lc, m*. 
l£ B 5 2 ( d ) tc^-T <k ? |c, ta®*- K t iS^E- F 

[0 3 14] ^a-y*£j3clHlB89 0-l 31i, *n>y? 

coi/tiy ttg&LT, P^.{f0 5 2 (c) fc^ 

•^"«fc die, SiJ<Ox>y ^Ic^lS-rsHitKJg'O^-^ti' 

#rU ?oy^v-?9 0-3fcffi^H$WLfc*n<y? 

[0 3 15] *LT, SS*-KOt*, x-^^Sll 
K90-1 4H\ fi«JAff^D>y^^KlHlK9 0- 1 3T 

USETSo C©x-*«iSl!889 0- 1 4tt, n 

ilfta^fN'vKgo-i i co-rwx^g^ifijic 

fcttS'Ny FfiBllfffi (PAff, H2©yu— 3-F2 
0-7K h77^Sf2 0-4 1bl, 20-41b 
*S£U C^'? FtftH1t«*5i®«Fra»J» 
[UBS 9 0-20 lrcmt&? 2>o 

[0316] — tj, e*e-FT?«, sbsx-^^ei 

.1890-1 6fci, y-XT-J*, fBSlCJBUfcm^O 
(±SBL;fc<J:-5»cPR£l3) MAD, *D-y^£j£ 
0889 0-4 S^^snrc^n-y^fcl^JBLfciBSx 
- * ic^gl U ,C <D * P -y V \c mm L ftt B^x— 2 £v < 
VUXjISEJBS 9 0-30 RC?3g®B#raMSHlHlgS 90-2 

ot««&-rs, 

[0 3 1 7 ] /^PXj1^11ISS9 0 - 3 0 ii^ra^J 
PlHlK9 0-2 0«W®icot,i:lc, ^-rSAdfcB^ 
*\>y F 9 0 - 1 1 a ttE&^V F 9 0 - 1 lb <D^?t?3 
(lOtCfcHtS^LMeH-rST'-^-b^ V h 9 0 - 2 

\,->rcnm*im^-y F9 o - 1 i bM«*&-rso 

T 1 = (N + C 3) XC 2 
[0 3 2 2] &*5, 5£&C 2, C 3ti, 'Ny F9 0- 1 

t, Ti=L/v«£t5fiT$5. gm-rntf, t 

[0 3 2 3] — *x >IJ£S39 0-2 3 a, 9 0-2 3 b 
fBISx-^^n^ni ?n-y*#ilJ£U EXO 
R90-24a, 9 0 - 2 4 b IB^x— ^©Si^-r 
5 3tf7hO? "^W^-r 3 2 tT >y h CDgfftfiWfi&lgfa^ 
^ft^tl^tf), AND90-25«, EXOR90-2 



(29) 1#M¥6-2 59709 

* [0 318] m&mci*. mmmmfflw®<®9 0-2 0 

«, 09At£B 5 3 tc^-T «fc 5 »c, -r-^^tUSS 9 0- 

1 4a>e>©'vy FttBlitSg (F7-y*#**Mc5£SScC 3 
«r*nS-rs*n»g§9 0-2 1 *ofS90-2 lcom 

i]i^mc2^mmt^mwm9o^2 2t. tasix- 

*5?£|I]B§9 0- 1 Sfr^WfBfiSx-^fc^tl^ftl * 

n y zmwcmmztifcwmft 9 0 - 2 3 a . 

9 0-2 3 bt, IB»-r-^^(HlES9 0- 1 6fr£<0 

tBSx-^tassg 0-23 a-es&stifciB^- ' 

XOR^iae-rS) 9 0-2 4 a t, JI}£8g90-2 3 

a z'wmztir&wtT-* tmm&9 0-23 b-eas 
^n/cfa@j7 ? -^©gf{ftfl i iiasfp«ris®-rs e x 0 r 9 

0-24bt, E XOR 9 0- 2 4 aCQ&^i: EXOR 
9 0-2 4 bcDtH^J©^aSi«r?aSL-rSiSS«IeI8S (JW 
TANDfcfB*tf5) 9 0-2 5 fc", AND90-25 

<DmMC&-3^T7Z$kC 1 i:^ao*^jDg5^s*?-r5 

««X^yf90-26J:, «JgSX^<y^9 0-2 6*0 

t stwgg 9 o - 2 2 ©a*jfciia»-r simatgs 9 0 - 

20 2 7 t!b^M?n5. 

[0 3 19]*LT, <KOjl®^ra$iJffll(HlB89 0-2 0 

«, ■T—fmmms&9 0- 1 4 *>>?>#«asn3'N'y Ftt 

Blt^fcfBii^-^tfV^-VlcS-^Ts -r-**F& 
^(4ffi t HKMIB^Sffi^Se-r^St^Ji: cDH^^K 

[0 3 2 0] -T^tJ^, x-^«PIh1K9 0- 1 4^?> 
ilSSnS'N'y Ffiffllf^^r, flUfctiysy F9 0- 1 1 
^ftttH-r S F -5 -y ^7 S^N t -T S i: , io^ig 9 0- 

2 1 lis h^-y^S^NtSScG 3 '(-r-f-X^^^e. 

mmm9 0-2 2 it, c<Dijamm^m.c2^m»t 

«. CWiSm, m»g§9 0-2 2*>>e,tt, TIB (9 0- 
1) SlC^-TiSmctD, ^K90-l lCD^Xt? 
>f>^?,cDlgfS (N + C 3) tcJt^JLfcM^, »£^-y 
F 9 0 - 1 l a tfa^-y F 9 O - 1 1 bOjtfxfrlfilfc 

[032 1] 

• • • (9 0-1) 
4 a, 90-2 4 bV&mtHD&WmtZ&ibZo CVte 
AND90-2 5i>6B, »lf'^->7h (^ 

h^LTKftSteA^< (S^SI^a (1 SfcliO) 

t>m&?%imtf2®mmLTm<) (o 1 o 
ssiHii o i) ^-r-st^, mtfHU^l/fc^S 

50 [0 3 2 4] *LT, <ZJgSX^ y^9 0-2 6li, CCD 
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Jg»Cl*a*3U L l^;l/Ofc*je»0*8JRL 
l&JR; «*^?f90-26fr6ll, a«UT«ftS 

SStiil 0.1) tc»LT* 3a»ClWfWglfyh^7 
[0 3 2 5] to»gg9 0-2 7tt. JUPfKT 1 

^HT2^ia^b> coAnSffi (T1+T2) *mm# io 

So 

[0 3 2 6] vW*iHgHK9 0-3 Oti. ^£>ig£B# 

.( h ) icy*?* mmi%m®m®& 90-20^6 

T 2) ZfW\ feS^-*38£liJSS9 0- 1 6^&ftM2 
nsteB-r-* (05 2 (g) ) fciHtTSfcrtte* M 

0-15^«^n5«iff (B5 2-(d) ) «I 20 

[0 3 2 7] Jltt#JlCki\ /^;l/Xii®l5lK'9 0-30 
ti, #J;U£ 0 5 4 lc^*r<t 5 tc, 1 y *J£TF<Z)g2 
©JBg^H%*^rSpI*gffililB9 0-3 1 t, l^ta 
^^j^ffi^®^ffl^*r^WS*lHlB9 0-3 2 S 
E«fM»JWlHlB9 0-2 0 frt>(DWJ£$$ BSaMI^«\ 

#9JLT> JlKm§JBS9 0-3 2£, pJ^SS£[hJB&9 0- 

3 1 tic*ti*ftWttzm&#n#Bmtt3 3 30 

[0 3 2 8] ^LT. SCmidEBB3 3(d:. jlSSff* 

bwj»ihib9 o - 2 ofrzmftzn&m&ftm&mm^ 

- 3 2 fc«»U «R«JI«l«B*nra«ifiHB 90- 

3 1 it«j^-r5o 

[0 3 2 9] |H^lHlB9 0-3 2te. ZvytfcmmL 

&*t&6+»[HlB9 0 - 3 2 a £rrt/g*r£o C^ftSaeJES 40 
9 0-3 2 a&. 1 *P * *y i/ 

[0 3 3 0] -73. nISEjIifilIIBS9 0-3 Hi. a/S&O 

[0 33 1 ] fLT, CCDv^UX»glH]BS9 0-3 0 50 



#B8¥6-2 5 9 7 0 9 
g7V^9 0- 1 8lC{ft*&*r& 0 *Tfc*>^ C<9<fc?% 

*tfB#«ft*rai»a»9 o- 3 i # i «Tf-r», 

[0.3 3 2] fEil7:x:/9 0- 1 8&> /Vl/X5HiElB 
9 0-3q^6«H&Stl*9>rb>f*-^l/«^cfieo 
TlBfiWSfEoa«/a»0»JW*ff^x. >VI/XjB£BB 

90-3 ovw&2nrctmT-z\cu^xtmmffi.(D 

[0 3 3.3] fr<UT. ^-Y^V^^0ES9O- 1 5 

1 6fr.£W;fr2n£f2M^~*te. ,±354)0 5 2 

(d) . *'BB (g) iCjjVTcfcdlc, *n^£jS(UB9 

o-.i 3TM?n/c^py^ (052 (c) ) imm 

(a) £^?\J;5fc. B4^K9 0-1 l-a*6ftfc 
9 0 - 2±Ofi[®tcWlSbTV^o 

[0 3 3 4] £C3T\ F90- 1 1 trjX'XD 
mttm&*v tiTZt, 05 2 (a) fc^H^^K 
90-1 1 a)!)^l/c7 f -^^>h90-2t, 0 
5 2 (e) £5tCfBf^Vy K9 0- 1 1 b/)^I 

tcf— ^-tWyh9 0-2i:«c^ B#5BMT l = 

L/v^^E^So A^XS®!Ii&9 0-3 0li. ±5$ 
(730 5 2 (f) . mtS (h) IC^T*?^ C^B#F^M 

t i mmmm^&£zffcm'r-#*mi&v. tm^y 

F9 0-1 1 bfrZ&TcT-ZH?* VK9 0-2_tcr) 

[0 3 3 5] Cl^tt*, F90-1 1 a tEa 

*syF9 0— 1 1 b(DfeftJjfalC&lf%mt&L\Z&mir 
Sr-^-b W v h 9 0 - 2 teSB»«ns-r-*<0ffiffi 

SCfcWtP*. -r-^-tr^Vh9.0-2±^iEH/^ffi 

[0 3 3 6] ^Wr^i:. y^Xjl@lHlB9 0-3 0tc 

«FSiJo»JW«:tf'5<:fcfc < fc0x ^K9 0-i l cox >r 

f-?Wvh 9 0 - 2±<0IEL^{4«lC7 f -*S:fB 

Dy^4jS@B9 0-i 3T^^c^nfc^n^^^iz:^ 
±««DI»*J (x-^foSffiffl) lc^^TB4ff0# 
BU^T^d^^ctt). f-^Wvh 9 0 - 2±*cfB 
a^ tlT lr->* Z <0«FfiEfiaiT*li*«**#HH ^ 
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C0337] 05 1 icm? m&!%mMW®i&d 0 
i,xwm?2>o 0 5 5<omw%Mftm&\9&9 0-20 

0-41a, 90-41b£, >I3£S90-41a, 9 
0-4 1 bTaE«nfcl3»-r-#4:-r--*aHlsI»9' 
o-l 4*60^? rffiWMil«Rtt7FUX2:U » 

jp*m (t i +t 2) tf^AeastiT^s^i&u 9 0 

-4 2ifr&«WSn8e 
[0 33 8] ^LT, il5*gg90-4 1 a, 90-41 

1 1 h<9«W7FUX£LT. 
>C*U 9 0-4 2 *l5o 
[0 3 3 9] 90-4 2fci\ F^y*##£-r— 

[0 3 4 0]EP^> «U 90-4 2fc, F"^y*#*§ 

F90-1 i (dt* x&mxfoK&ii&iSLmctt'tz, 

[0 3 4 1 ] COH5 - 5 IC^ffiil^nMiPBIS 

±j&com 5 3 ic^jBi^«iPin**ii*-fr*>* 

Tx ^^MiS^Stfi^s 0 5 30SffiB$WfiPJ 

«pM»J»IllBTfT^<fc*5^bT, «»;90-4 2©S' 
S * 5 LT J: l\> 

[03 42] 0 5 i toasts 9o-nc 

fc^M^tlilfc^ P 7 ^ V-^ 9 0 - 5 3 (0 2 

^^D^^^-^2 0-1 D m^ra^x mx-isn 

K90-1 1 a tftti^y F90-1 1 b<QHRS 
LtmL^m<02^^>?1$&'^-^9 0- 5 4 £tf 

^y^ffiffl^->9 0-5 4^ -#|RJ (0 5 8 

(a) iod^t, fkmvmttffi) icmmmit^nx^ 

ES 9 0 - 2 0 9 ±SB LfcBWBS T 1 
S8#HSJ^IhIK9 0-60 »««\ 057 ICt^T* *> \C 

[0343] a*. 0 5 i jc^-rniBfcHi;«flg*#-r 
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[0 3 4 4] *43>'0 r lt£HR9O-l 5,1*. 
05 8 (c) lc*VT <fc 5 ^D^^«rfH&LT|}^ 
*y F90- 1 1 atf*^3;>^«^-:/9 0-5 4 

figU c©«Hi!te9^>F!>«9*l9IHiWe0B9O 

-6 otc«*&*rso 

[0 3 4 5] ' WpWa!l^(HlK9 0-6 01*. 0!i*_fcf0 5 8 

(b) ic7fi?&$\c, B#rafiijg^^vF^m^Hu^ 

;o ©UHW>xys;Tfllft**i* 2o<offi:fc»Jg©e-*[ffl 

T A;l/XiI3£H]BS 9 0-30 lc«*S*f So 
[0 3 4 6] CCT\ ?^^^«t«;^-y90-5 ' 
4^ipgL«T><X^tD^atCci:^*r^^T% ^<9W 
<D^yi?£1k<D>^yi?tfn&^y F9 0- l l a £51$ 
' •rSBMBSfc*. ^ F 9 0 — 1 1 a fcfBS^y F 9 

0-11 b<Diiifi0#fHMT 1 

[0 3 4 7] BP*. ^^^^Mfi/^^90-5 4 

20 , gie 9 0 - 3 0 ICfltt&T &^*ii&B#ilBT 1 T'£3o 

[0 3 4 8]ftoT, «»-r^X^9 0-l±^^i6je 
f£Zh>rc$^^^¥ffifc'^—Z<'9 0- 5 4fr£>jl5£B# 
KT i*iSJg^a6£C£#T^ B 5 3 teS^ftWS 9 
0-2 1 s «»«9 0-2 2*OWJ(BI»*s 055tC 
^-tU 9 0-4 2#^fi£*!K iMr^'X^gi 

[0349] mt. H5 6ici4. «MM*7V>i?¥&A 

[0 3 5 0] &L±<D£olC, mje»o*^5v^*i«^^ 

* - vie « s-r a B^^tcs^^Tias-r- * £riis2 

U B£^y F 9 0 - 1 1 a £f2M^y F 9 0 - 1 1 b 
©jtfr#ia»J:*»SB«k:fiH-r««*-rVX*9 0- 

[0 3 5 1 ] ft. &L±<D&5lzl,T. 02CO I DfEAffi 
^0 *S2 0-4 1 HCD-tr^^S^h^^^S^cttT^ 
<, x-^fB^«g«2 0-4 1 D±<D*&(D<t-Z*>. 
P RML lc J: »9fB^S^*r 3 C W*5o 

[0 3 5 2] 0 1 <og{*an o- i o^H*r§# 

[0 3 5 3] 7;l/^*44Hfc* 5i*«ft4TI# 1 
00-1 (HI 9040-51) O^ffigptcti. 7t:> 
F;l/^:-^ 10 0-21 ^5W^/5:46^1 00- 
2«^tltl^o COTXl 0 0-2O^tCli@M 
«^n> ■f-CtC^-^ l 0 0-2 l«Be»»ttttfc£ 
50 *©»0WJ«^6^»^ati4i^J:^J«:x iJAS 
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100-1 icim 100-4 tfmmztx, 7-A 

10 0-5 (01 9<04 0-5 3) ICfRVitttbtlT^ 
S#-M7y^l0 0-6 (01 9<04 0-5 5) 

[0 3 5 4] 7-M 0 0-5C0— 
;l/10 0-7 (01 9^4 0-6 3) tfimVtt&Ztl, 
^<9fM£te, K^tt5X7^ (01 9 CO 

40-57) M^f^t^nSct^^^nti^o' 3 

-f;l/i 00-7 tm^y Ftcfc*, 7l/*>'W i ;v /0 

hs«i 00-8 j;t)fi^«^ti^ci:d^^^nT 

Vv^o 7 L/*'>^y U V hS« 1 0 0 - 8 tcii, 

mmzft? 1 c 1 oo-9^Ei^ntM c *^ :/ 

U>h»tSl 00-8<oaSSWi, ^jfrTa^k:, g(* 

0 0-11^100-12 (01 9<06 2£6 1) 
^(OW^a-OH o o^tffiSf^ftS^lcTgtei 
0 0-l «^W^o cCD^X3^;H 0 0- 
9 M 00-1 1, 1 00-1 2fciD, * 

>rxr3^;i/^e-^ (02 105 0-5) «?nt^ 20 

So 

[0 3 5 5] * 10 0-2 licit, 2^<OU^T-( 
23 (019^040-52, 02 1 <D 5 0- 1 A, 
,50-lB) ^lHl^SfitC^»?Wt^tlSo 7l/*'>7 
;l/y.y > hg|£ 1 0 0-2 21*. ^coti^t)Wfo(Dftffi 

ic#Ui?nv .* 100-21 icftgfi&vmfflm^z 

CttfT'ZZ&olcKZtlT^&o 
[0 3 5 6] ±Ufo 100-31^ 0**j{l!l<O®J®Si5 
IcKSPl 0 0-3 2 £ 1 0 0-3 3£r*fLT*5tK C<0 
ggPl 0 0-3 2 £ 1 00-3 3^e>^n^n7^-> 30 

^;i/yy^ha«i 00-8^100-2 2^0^^ 
mcm&^zcttfT'Zz&vic&znT^Zo 

±gft 10 0-31 <0±® (spffigP) let*, P^^?L 1 0 
0-3 4W&f£ZtlT^Z>o C(D^JLl 0 0-3 4 tC 

^<ortwc^^^^--^#^t?wte>nT^5t?, 

[0 3 5 7]H60t861tts TKf* 1 00-li± 
gftl00-31 Ofi3l*«*«aWfc^LTl^o £ 
ft&flDHfcS'r * 5 ^ T^f* 100—1 
£ <fc D««a*i*««. -b«* 10 0-3 1li> ^BSfl 1 40 
0 0 - 3 1 a ^fflffigP 1 0 0 - 3 1 b lc£ DJ&KlCjg/S 
^tlTWo f ffim<DmiCl±s^y*>\ 0 0-4 

yMfilOO-22 (Sfc(47U*'>^y VhS 

tei 00-8) ©is«*6. ffl£c«, «p^anfcg*rt 

[0 3 5 8] Tgf*l 0 0-1 £±g#l 0 0- 

3 l*fi*3iTfc«x ftBBSnfettttfcftl^Ttt, B** 
rtW^OSHtt^ffi^iSBfatU ¥ffi35 1 O O - 3 I a ic 

KaanTi^spwftJLi 00-34^/rLT^s^ 50 
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SfSMRrffitaansnT^So cn\c&K), rf^ t*c 

»?Ll 0 0-3 4*^bT^^HiAt)^^fc«). rtSP 

60 

[0 3 5 9] TBf*l 0 0- 1 £±mft\ 0 0-3 1 <0 
gaiil 0 0mm, ipgli 7 Omm^ntt^o **LT 

1 00-2 3^2tt^5^tl.5. Omm, 1 tiTC* 

1 2. 7 mmtJWo 
[0 3 6 0] ia5>.dtO*fittW^43^TtiTS(*'l 0 0- 
1 ft«tt»C#toaU ±Sf* 10 0-31 *JttftCfl5/£L 
tct>\ 06 2fe«fct/H6 3^-T±5tC\ TBttlOO 
- 1 £\ TffiSP 1 0 0 - 1 a £<S9iBS$ 1 0 0 - 1 b lc£ 
0»ttfcJB/»U ±Stt 10 0-31 (¥5BSi$ 1 

0 0-31 c) tc^-TSC^^pligTfeSo 

[0361] cnzcomc^{,fcm#<Dftm±. ¥ffigp 

1 0 0-31 ale. PfPRJL 1 00-3 4fiWfc^»J« 

?nti^i^c*So cto^m^s^L^ <*r 

ZtcftlC, 06 4 lCfi£5feC0±Btt 1 0 0— 3 1 <D&tt* 

gLTt>5o [pI0k:^r<J;?k:, t&fc<o±g{*i 0 0- 
3 1fctts ^1 00-5 1, 1 0 0-5 2£[HIgPl 0 0 
-5 3*JgJ«atlT^So-C3»l 0 0- 5 3 li, ffilfclf 

^^;i/*tesfe*^a*"e*s^ ft i o o - 5 1 
[0362] EPtK fl^caa^^^^aaitefeir^T 

So 

[0363] ipi3, i*ica*asnfti«f-f x*ic 

-^^-T hffl^7 K) ^rTXl 00-51 frzmx? 

[0 3 6 4] Sfc, «f*CDrt»Ji:ffl#a*tlTl^*7- 
^1 0 0-5 2*^^7-%8(DWt> C<7)^— 

U-lf j»JS»<0 *f)t*Ba»bT*Offl«*»!B»c 
SiJ^-r^o ^LT, C^0U-1fffliJS§gT7 7 -^C0ffiB^ 
IEffiJc»J^b**^Z-A<OttH*)«^ ^M^X^ 

-^x-^ (xva-« ^IB^-r^o 
[0 3 6 5] 09*_i£, ^^CD 1 h^^^^c^—^ 
7*— *«rfB»'TS<!0k:^ h7f ^^0 1 /4 (Oipg-To^- 
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tfx-^fcfBSU *©iM*h.9y$'fcSlt*#ifcfc: 

[0 3 6 6] C <£> <£ 7 1£ LT'9--^x-^^aai^7 :? ^ 7, 
Z\C$mi,tz&. ^100-51tl 00-52 Itffift. 

[0 3 6 7] LfrLfc#5> 02 71>M08*#!!9LTfB 

Y X^JjEJBlSKfettS U— »ftr-ifi!)JH|jttB*«IBfc 

[0 3 6 8] 'jEftHMlcjtfUf, BB3 4fcH3 5*«5i i 

■7 — ^§t7Y — y— KfflWlc <t 0*7* 7 ' 

^5. *<3DlS*s ^-A-fVf'y^l 00-7 3, a. 
a-i-;^->2 0-7 2, yU— 3— K20-7K 
•>*y;I/Kv— * 2 0- 1 2, 2 0- 1 3#£<D-9-— # 

20-41a, h7'^#f 2 0-4 1 b 1 , 20-4 
1 b 2fc£^a6&^7VX?K^Jgj£LT*5* > C 

So 

[0 3 6 9] £(D£~>lC. WL#lcft : &&VZ<&Mii i %:^ 

[0 37 0] £?>»C, Ktfi&^T^ZIitb, 

[0 37 1] &*5, XfcfvK/l/*— * 1 00-2 15:3 

00-2 «**-r a c t So 

[0 3 7 2] C 4) <fc 7 2: *SBtC<fctLtf, M 

[0 3 7 3] 

[%W©»m] J-X±<9$0< l \z.WM<o®M.'tj X 
7 SB t <fc ft ff , h7-^lcWLT **- K/ 12/ KfcGflgff 



(33) • , #^¥6-2 5 9 7 0 9 

•y 7 1! < U fe^S£ii*2-e 3 c i:#alfi 

XtfBI^SSo 

[0 37 4] ra^iuME^KJSTVx^gfiic.kft 

5<fc-5»CbfcC3T% h7 7*VyffiV-^ F777S 

ffaaE^x-cx^sB^^v^rt, avenue. i\ Est* 

[0 3 7 5] !i#^3lc!Blg<0&»7VX7gBlc.fcn 
• fcfv h7'-y^>^fflv-7, b^-y^S^if^-**; 
J;r/^a-y^v-7<Offi^lBt«r 1 S^tJ 1 OOOfiWT 
20 , »cL/cCDT% fBSS§fi^St«Loo. IE6t&-r-fX?tt 

[0 3 7 6] ^^4»cfB««aaE^xYX7SBt.j:n 
[0377] mxmsic&mv&iz.T'fxt&mic&n 
omwzmm? s c ^ ^prtgt 45. 

[0 3 7 8] W^6fcfe«©lK^7 :f YX7SBfc < J;tl 

[0 379] is^7{cfa«<o«^7 J YX7SBtcj;n 

tf, >y f^e.*g73(Rlti:-rn/cfiEB»cm 1 
[0 3 8 0] tS^surSS^aK^YX^SBlcin 

[0381] m^m9^mm<Dm^.r'f^mmiciiti 

50 (ii^tti-rsci:^RrtBi:*5. 
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[0382] n&gi oKW&<omm.T : 4*irmw\cx. 

[0 3 8 3] ncfB3£<aS^x-<x^BK<fc 

[0384] m&mi 2\ci?m<om.%7 t -<*>?%m\c£ 

[038 5] 1 3 »c|B«g<oai»7 f X * g«lc J; 

[0 386] mam i 4 xcmmem^s^&mic 20 

^«riE6i*ffi«tlBS!'r 5 C i: T*€ 3 0 
[0 38 7] tS*«l 5 tcfBSEOlK^x-f X^SBfcj; 

' lc<3^S^«)^«iS'J-r 3 c £ 5. 
[0 3 8 8] fS#]Sl etcfB^oat^-fX^SBtcJ; 

S„ 

[0 3 8 9] IIjSSI lTr^L\ 9 icfBKOl&m-rWX* 

•p. /j^T^a^SB^^-rsct^T-^s, 
[0390] mimz o\cmwL<om% : T4WgiW<»m 

7^X*#&#*gWc#LTffl#irC3<}:-5fcL 40 
[0®<Offi**KJB^] 

[0 i ] xwfitom&Tj x?mm<D'£ft<vmi$.*7ji-? 

[0 2] #^!c9&»^X^<D^-d<^-*fB01Si|lc 
[0 3] ^^©OE^-i'X^W^-^^^-V^ 

^-rsit-^T-^iBas^s^^^— v-y i^ittiE-rs 
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(5(5 

[05] #^^«St7^x*©a^- 
- A-f >-r -y ? X##fc L^l^-^-^ES^iS© 

[06] *%WiOJK^^X^cD'9— #x-*fBg^# 
1 5*r ^fBgSffl^«^ -y F<D®®®M(Dm&*®m 
•T50-efe5. 

[07] *^K»f^X^W- ^T'-^fBS^lS 

[08] *5gwiD«m7 f -fX^CD»fffi«^SiWrS0 

T*&3„ . . . ' • 

[09] *?m<omi5.7 t -< ±(oma<omm^- v 
[01 o] *&w<DW(h*m'rz>m.%.T 

[011] *^toai^v ? -<X^«<fct>i¥!ffl55:WfB«fiK 
*Itt^-r5»fffi0T*«5. 

[012] ^B^-r-^fB^i^^-y— #x-*iBfi 

[013] #f8B£<9X7^£«^x*X?£<D|ll&;S: 
giB^-r50T**5o 
[01 4] *^«X^-l'^©fi8^7 : '^X^±©C3gi5jS 

[01 5] ^MWX^f^ttSigfbC^^ciU-^ 

9J^*l>iB^-rS0T*^5o 

[016] *5£w<n-£?*ybmmT<x ; 7'{?<D&mm 

[017] ^B^cOfiS^-y K<OiEffi«>«fi)c^-r0T* 

[0i8] *^(oas^-y Fto»fffio«^Siw-rs 
[019] imw<oT-i±<om&*wm-t2>mmx*3b 

So 

[0 2 0] 01 9(7)^-;l/^TU vy^^S^-rs 
[02 1] *^o^a^^{i^^M«^^:fflIE'r 

[022] mfo(vmtt*wiw?z>mT*$>2>o 

[02 3] x^X^^a^^lc^-r^P L L^a^y^co 
[02 4] *mn<D?vv?<DV%Mmm&<DffilE*ftr> 
[02 5] ?xny?^-?£mfo<Dm&*MWT2>mT+ 
[026] 02 1 ^fM^SMd^SP 50-2 5 <DWH8&7T> 

[027] ?x3y?^-?u£mm<Dvmfflm*wiwir 
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[0 2 8] 9Uy*mmV&hVZ(Y&DmcXWR? 

[0 2 9] (»&«*»ffl**B"C**. 

[03 0] 02 1 ^»&«»JSe»-5 0-2 5 (Oq&<om& 

[03 1] 0 3 Q<0&MW\Z*$^T, $UyW—$n 

[03 2] H3 0^S8SISW^fe^Tx ^d^^^MHPH 

[033] 030 <9^Wc*5^"t\ &fo&&Wftt%> 

0-rfeSo 

[03 4] *^©h^!y*>y*-*0IBO»l4g0!l* 

[035] 03 4<Dm&M<D&mmL*mw?zm-e& . 

So 

[0 3 6] 03 4<D$m&ltej5lf&{7U— XK;I/- 

[037] 034 (D*»fl»jk:fe»-sm^»^aaij^j» ( 
[0 3 8] ^seMcosj-^ h9y**«€ , r*0tt©#wi 

[03 9] 0 3 8 O^ffli^lff ^ 7 n-f t 

[04 0] 1 OG^fcti 1 00G^>3 y^^miml^tc 
[04 1] 1 OOGCv'a y^J&BlRTbfcit^^iSSffi 
[042] l o o G^a -y^BiJnJLfclf^Ui^tS 
[04 3] 1 0 0GO5/3 7>*y^Xii;t>te81iDL 

[04 4] e>if*«te*»»/««*w*KBB , r«BB 

[04 5] tf^if«^iHlBS^«ricffiI«:SiW'rs^ny* 

[046] 045 ©nfisea^ift^SiM-r s ^ 

[0 47] 0450RAM8O-1 8«i^^Wt 
[0 4 8] 0 4 7(D^WOMtt*mWT2>?^ ZL^>f 
[04 9] #SMB^^*tJ«9^CRCaW*Bl*K:fT 
[0 5 0] H4 9©«l«l©»ff*IWRtS>^5vy 
[05 1] *»B«>ia»0tt©«l«*^t-^nydrB|-e 

[052] 05 \<o$mm<o®ft*mi*?z>Z'C^z<'? 
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[0 5 3.] 0 5 1 OiI]£R$flflftiJt8l(s]B 9 0-20 omtfSL 
[0 5 4 ] 0 5 1 0/^;1/Xj1®{h]BS 9 0-3 0 <Dmf&* 

^■T:/ny£0T*fe£o 

[05 5] 05 l©««B*HfflWHB9 0-2 0©flS*> 
[05 6] *BSB«»fflbfc«*x-<X^OC»7*- 
70 [0 5 7 ] 0 5 6 O«MW&ffll^a«-&O*^fflB<0Cfllk 
[0 5 8 ] 0 5 7 <D&p&ffl<Dmtt*miTZ> *4 s >^ ( 

[059 ] rtw<o»iftoestttasr^ , r 
#»mshib-c*s. 

• [06 0] *^0«fk©^*5R^*WUB^**. 

[061] 060 <om^w<omsm^^t«m^^ 

[06 2] *^OS»<0ffl^^*«l^«Wc*^«^ 

20 , 0T?&£o 

[0 6 3 ] 0 6 2 0*»MOBfffi«ll«*^'r»fDSHT« 

So.' 

[064] f^^w*^*/£*^^BT**o 

io-i ^e— 

10-2 ffl^r-rX^SS 

10-3 E»*N-y Kff 

10-4 B£^y FSB 

1 0-5 T-ASP 

30 iO'-6'>P^if4«« 
10-7 h7 7*VW-*» 
10-8 »£35 
10-9 fBHSB 

lo-io SteSP 
20-10 h ^*y ^ 

2 0-11 *?xxy*?yr- ^ 

20- 1 2, 20-1 2- 1, 2 0- 1 2-2, 20- 
13, 20-13-1, 20-13-2 ^t^KV 

40 2 0-2 0 ^K^yK 
2 0-30 BSAyH 
2 0-31 IBS^N*y F 

2 0-4 0 -9— ^-^etww* 

20-41, 20-41D -r— £1B^*£ 
2 0 - 4 1 H I Df2i§ffl$ 
2 0-71 

2 0-7 2 n.- — ^7/^^ — V 
2 0-7 3 A-f V-r^^X 
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